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4 OjJLo 


* •" -Hj • j* * * ^ *11 ^Jl ^jll ~ <JLiL_»lj uLj^JI lo4 
iil <jl VI .<VtJt.i !_JI ^ » jl g^yuay* n <j| < ol ifl mvill 

< go Lull 604 ^1 Jj-i-a>ll J urt l a"i 'ji u**j - <j* aJJ I V"? g - » L T» 

(jl (jj^JLxIl (* t j llI ^11^ CjSjJI oil .Lxu^ikJu LLx£ jum>V Jai <j| jlj 

04 iutii COjII (jO <j| Vj — 4 Sli^l I ^jUL (jOjil LxjV l^-ol jlS j|j — jaxaaall 
<ua! ^ yi . /iVo ll £jj£j+ ^ |koil)l <iijt J] LL&.1 ^ojy Jx (>iVl jx^o ,jlj <£4$i 

J-* ^kjit Ca^fia 1x4 tj-°J .gxlxx (j-« {£j-».Vl ^.jJUJI <jJI o l. x-oj x Lo OHJ iljiyaJL 
|Jcj <5j^xaJI flxuSlI ^Jc. Jlj^a < jrtinVi j| Jla>» (j-a jx^l ju iujj u ma Lllu 
i ^ol i i rtia VI i LJI (^a Crt i irtlj < (jfcl ixx^II (juLlI 4 (jiiLlI 

(jO 4^uiljJ JL^x ••• (jlijjJI <xaIjJL6j < (jAlj^aVl <xlljJLaj i 4xj_uJI aLjjoIIj 
. (jAxxSoau Lflolj (j4 Ci-o lu-ilj (Jx .oLxxoKVlj ClljLxlaJI 

pjll oL < I 0 *> 1 J o- A'i m l nkil ClJVI uulj^ll ^xj 
i jo - j- JI jullll jjxAjj <JVI i—in il^-aJI yJ (jj n~» i /•» -> ~l I Jalji}x£xJI jx 4 jAxLL 

4-ill I 4 i nJ i > (jJc. joSVl L^LKJ <iijJUj 6 j I 604 ^x J *1 « ~ll ^ic. ^jjOJ 
ClLa_jl*-llj (jjljjll ,jjij (Jj i elxjxall (jxxljj £-0 JaLjlIIIj « f. Ijx-J^ll oVoljla 
JlAX ol_ajl « » pI r 0 i ml ^iaij < ^Jk VI L^_ljJU V input -~‘V ^ 4 d ■ -^ 1 ) LllI 

(jj (joulj . lo^ I n iy 4x^^j]yi£i Jlixxl <la.jx> J£ !_yi 4xj-uixll OOfxi jij • j" 

J-olxull 4_ijix£ 5itLaJU oVLaJLI !jj /mxaxxvi'iir jjili (jl {gy m 1 04 ^ Al-h~>l Jxxu 
4-oIj CjJj-oxjj Lax jo.ll VI ^1 — Lxx L i ^ £ > j_uaj_o j4 fo4j — 4-aLl-oVLx >5loVl 604 £_» " 

“ jxaJI 104 |ua ,jl — (jx J xll cp.^ll ^lu lo^i 4 gjLlj jx <UtLkXI jojiall 
■I n i m i V I 4 iji^ ll 4 » x~> l i — 4ixLJU 4 n^'ilmiiiVt ^Jc. joiaaj . .1 -. .^.I J)Uj| 
.^lilftluil (> JSl I nVl l LfJj 4 Ou jx ‘ *> ^ ~ 
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J-'-fll i*u-aaJI J[$-u<a-ill ^ tJkl^JLI qAj. jLLi 

^jl^II *t-*-S_}-a <ya JjLiij (£jj£]I 4 _i 8 ifi^tl OiLa.jII t _^QIj * ~i ml JV-i. 

J ‘ / **. 1 J-®J jji^iiil JLfciill (3j - >iall J4*« ije. Ljjiaj (Jjafc i^utjj 

4-ui-o^LLI g^ialoH j if Jj a t i t VI a it al -k'VL I i i <i) ^11 1 1 ■JDjVI <JjLa^a 

CSJ-^-1 I j 1 I .iic. Jjj^lall lj-fj a <Al »~i mVJ 4 »t I ~ .Ml 4 . .Loll £_^ljJI 

t l-ii£ JLojii ^1| ^I L - t .ll jj^UI I iA»l i aiti7\lj < <i/dl 

/*i I) ajiL> .t‘ i j 11 ^11 ^j^Iall i. CiJl jjjJI 4_JLij_jjll Jj j -^11 I I All j_yc*j a ~jj 
jl^_al L ^ j ^Li yjll i—I jajilud tjl *k ill jjJt < i_al^II J kjj .. LLjJl 
■■' ir 4 jI <ulc. ■ I n^l ■ j ■» ^ * * I LaLaj 4_ fl q > a_o 6 ^ | .**.1 f I 

j—ui (_j—tauu^ll _j_j— i ^a all ^jilj a ■%!! jkl»It jj fll .Al <ULa.jJ] 4 .Aj«" 

Cii>11 ^Juojll ia mill <j^LujVI tjLoall (jl 44.a^H Luu i^likill jjuLuil VI 

4-lo^loj 4 j J l J*lj < l_^ 1*11 iti ^jJjuoll Ij^Li^lj JjLdVI IjjLa. «l 1 ilUj 

. till J JJk lu _^1& J Lki^lC J jVxAl (^11J 

<ij*_4 ^ j ,tijl I J j o^ t ^ m ljll ^ujLuJI ^ ^ J|j ■ itl l—aJ^JLI j 

4JjXo j <^ULo L^j ^jl-i.uitVl 4 jBjJLa j^IolJj jJbljia £ja uOLftJI “ ,,v " La 

■ ‘jL"H <jLajjj-u^U VLa^a <—4^1*11 IjJh £txi-a| JJU ?4 jIj ^^aJI <-i^L*JI 

a)J 0 „A ..ijl_j j—c. JV—a. ^* (jlj^LJI <j l i«*i VI oVjl—aJ JJi\ 

jiij‘H„4^ V Ci Li a yj^lV I a. a—i JI >11 cLaji I—aJ^LI ja^JUj < 4—-uaJall J j i rt l a l ll U& 

^uLjualj (Jj <££_jaJI i_I J n .fill jjLuuVI Jil £juul iil •j'jJaS Lai|j ( jjLij.ia ^ jl 

.ajjjajt i^iil jlj <ii juiu IK...aj Jj 4 LI .t.’il lilju ■ 4^l«tl Ijja 

j**«l ftjll 11 dll^Tt I ■ Ijli I J «4 lil * I 4 t4 t ^ il *11 Jjll J ■»l*ll Jd i Ij iAill Lal 

, I .-A ill J .i.l .11 jjJL J J itiLill Jj < jjLuiiVI J jjy tjc. iln.i. ll l 4 t nU II 

pLuaill ^1 jjLutiVI Jjuujl JJU < 4_i im«i.m 1I <-C. j4-^ 1 1 ^jLij Jj 1 —aV-iil ^jli. 

i_iLu iL slj^alj Ja.j I_X J *"k " «_x*jIL (j-tii-a ^jlajlVl (j-o Lxjl ^Lfi^UI 

.^juuIL i OJa^ jjl * (*G >iialI ^ja.Vl CiU^lall uii >*il 1 1 >| i * 

6jliil JS ^11 Jjjii ,ji J^uaill (jujJj « 4ilil 4 jSj ulljll Jualjjijajfl li* 

.jkoa C ia u (jl «lyi j!Sl iajiil ai* 
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‘ClfkLjjj jV^JLI lift 6JI 11 V «Lfll_iU] JtVI (jiil 'J -l I J ^ . 7 ,1 jjl jj-AJJ-fl-J 'Jj 

f 

I(Jjj j5j .4jajklj^a Ijjl (J£jl Lajic. OJ » m .xjflj I ^gjlSJJ 

^La-^^kll 41^1^6 ^ p LajI ^jlq IjjLlu <_i t~t^ lI l«iJb <i ft%jj 

.,*11 JUJU Ioa 

JuuJI <JJI ^Jcj 


Aill Jj£> ±lC- 
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fi 

t ^ i <1 jTk * itJ t 4-l-ojI ^plc. <lxa*j < (Jjft-aJI <111 

<111 Luli| ‘ *j* *»1 oljl^ull ^1 jiljj ^jdjVl ^1 ^Jtujl 4lo oitaj 

a 

J^j jx <111 j-lC, Jjb t jajVl ^1 Ci[jJ^I jil i S J.a f }L Ciljl A * ijf I 

^Jc ?6jj5 <jjj5 ol^> <Jil J)l"k tm $ <judk£A_Jl£ L^-flla I n>ti jl?k i ^jl ^ilrVtmj 

• *l*» La jLutiVI 

<ji^ft^Lil( C 1 **-ILt.nl La-a I » kijailaL ■-! <_ul£ll jajJUuiI ulilSJI IJ-A ^1 
jUf Objl lj-6 ^ jJjlxi J fl ft (jajll jJi Jj^kJI UjIjjulo JI^Jo < ft5.^1 ^jl 

^1 lyLuiJ <J^jfcti>ll Jl^l V 6JiJf jtil l t a .tXH <ijtii JI Qfcll^duil 

l- Ajj) .io £j^)I <jjiti »H <JLi_iJaII ^_1 aj Lajld ^Ic. cJj <jl ^-A_j t I tfi. t 

.J^aJLI < ilitn^l i_4j£jll I ^ J* •** fj* 


* LujJj 6 jj a*. 11 <XJj J 1 j iti .til j| ^pjLill jiii^ll ^(Jalxu! J-Lfl 

<jLj£JI J-Aj 1 n t hr. I \ i <ti <j|j £_a L^j <JLl j^Iaj Jjt £ UalLuilj 

a 

< 1 ^ (jja IjilSl f Ijjui 4 i n'l^ ^JJ ^J| <Jlj t ‘\J 6 j^i (Jaj jA 6 * <j Lilli Hfcl llnilj 

• 6 JJU Ijela. 

■' S a <CiLSj R ll n . > al l ^I U~i inl jlj.iWI ,ji jjiit jjl l, *i 

1 illiH £.usxj j J J ■ .1 -^1 Ij £j-lll jj£j <jlj < I j l-v J ~1 m j j oljljjAjjJ <jl £ Uoijuul 

vJjSj jjj L$j t iih ^lll fLbAaII ji *u CiLLa^II l+i L^)aj ^lll 

j^ljlll jjjSlI I jjb p Uwjl ^j a>Vl oLijkll <jljI i A a >■■ Jujl Ji <Jlii 

O*- »-il^aVl 
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^Umul (SS 1 cJj OJ hr l^jbajJLLlill ^lll jUVI I^jft 

|^Lk J-fi <111 jb i^juulj 4 JJI 4 fl..J^ |^aj I 0 1 *u iV I 6^) tkii ^j| 

i # 

^Jc. jf^Loll 4lj Jn^ll <1 < 43jfctf Cii^ 4J1I JjLu <Ojt-Aj (SJi ^ ^ ^—laij 

•SLisJt <L>ij Liij La 

Juull ikoS <111 jJcj 
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JJ 


0<U‘ - 
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ti4if 4*OJuLo 


aI -~~l SLc d .*.1 ...Wl 4-tAijdJI Ldjkiil ^LVl ijjk lj x*tf. l 

. ^ jaj ^ Jlliuljj Ljjl <a.jjl« ifi^a 

Jjl (j^aj L-a. i a « JjVI till ^lii a ji La jmlj idLlii fLa L-a JS jojI 

a^wlL pq^i c &jiJjjAad d >i n^l 


jt Jjjj V <il mo i a.ti^i iill jjl ji < tjll'aifc »lj3 Jjl jiu La JS" »JjJj ySklj 
tJl^Auj edit JAJJ tjlia ^1] <Lkj (_yi uL-aJ* Lf lc. jjLui . tjj>lajL£ 

< ‘,1 t iAti (jullll <jl£ t k-Uj-2 J^-fc ^r. - rvi t^aljll ^yij . jLiij jaaa J-a-C. ,>* ^ 
4 jjjjju La JSj < <-ki Ijjlj ^aJI jjlill *1< « <Ai jLki ^ LfJS jV$J»L-a. 

. jolill jd^a jt ^Jib jlS (j^yaVl aLuVl jt 

4jl dl~l^nj Jj«r ? j j liaTi ^1 g , tU~> n i l ^lijjl 5 11 Ai I IjLaj 

■ Sj i "w. I giJ&ua Q-kj jl J i ? H (5>a pI^^ui jLLal <Luoj S Jiuj'ii j a ill O^Ki _*-* 

+ f 

jt IjLttj . if Ini* a q^SlUu jkLII jSl j^-lUI LaJj 

»*Valk j|J< J^ill ^ikU *1 I jl .<Jj ^ V JHa 

^IjaVI ujil ji j-a-aJI J| £A< J^luill ult> i Jj| -» a ^LiijL&l 

4j_jLajuoII 


I^jIS jiill oLK-kllj (Lttjj j£ju S ji ^*L.*a ir * ^jtl Lo 

* pl j^ U 4 jLa sJL Lojj Sjk^jLf jtj < LiLljuj I^jLS Ujk Lujll JI^i jt dJ l ^ « 

. jl jml ll uiLt ^li^lL UjJUJ 

tj* jrjL^jj jUt 5jj Sp^-A jl di£ftj L» 

j 

etxui ^La-O ^p^ii Jjj() ?jlj Ji^a %jjii S^jiaOduJI ^liua 
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^JLjlIIj t <! -^1 titiljJAj ftl^jl ^o _> * ft * CxjI 

<^jji j H i i 1 1 l fl ij^kj cH^ ^ ^ * fl * j *vj l» m* V <Lual& o ^ a '-'^ jk^J j •y *1 lj 

jI I oL la jid l* v *^«'»lj 1 1j 1 1 r <lLLa 4j^&j£j I £ja j_li£ jji 

AJ>^a ^aAUaj jt^-fll {jc. ^aaj <jl <J>Lk (j-o I ~ l » l -i~u . i l <fL^l£II ja lji*Jl LoUaj 

^Jc. Jj *fc*i < nj V| lljQ J^lj JS ^ ilta*> i ijjj < ^11 <j-o LiuJtLAjaj Ujl^Al Jajjj 

jjJJ I ^j-ALajoj j!^a| LaJ^j JaA-A A * « AI a 6 jI£aI 

.4fljl^ll fij Jaa O-o^IjJ ^!ill Cil^AaJlj e_fljUll O LjWI Jjljl, 

f «* 

Ijjb jluuj tol^i^llj <ij*il t'Vi ii tj <UL2lil LoLtaj jjJaj jl * * 11 ■ ~\ Jjli Lxia!Lutlj 
5- ijt i j i jLajllj jliLI _^jc. JiVii jl j^»i Ijjl^jLa.j LlnifiLLoj UjI^aI I 

• «AJU jljj jJ JLaJ Lie. Ija. 

>^ilj itijj j»JI-*JI aj-itiTm jlSLsVlj CiLajilll 5j i %j Qa i <<il«<L»l j ill 

I cijUil Lf lc. ij ui ~> . j jjI jaldu jKxj ui ^ tj < ^i l (^ill oSyll f- La. >*~i_i ~>i 

. llLS IjP Li. jl lULoJ jj-MJ«J j « v aj 1 j ‘Tint 

,Jtl lI* ~**JJ *4-»jLa—#il 6 y Q -i-cu j.iti i*n tillj Xuj p Inn <t-ilj-dl <<LJjjlLI jJjH 
^11 op-tit I 4_iiaA ja ^JLaJI jl ^ ilil < h*i jVl jaj .ftLajl £jLaJl jLuijyi 

llaljJl Uajj djLa-JI jlj-C-l jj^cl Jl-m \ j ‘JLi^JI ,^.1 jLjajij ‘Liiai ^11 

.6l^p LaJ IjjAaJil ^jjII ui\ pLaltl CjLS JJ> Jdbu^j jl ^ilr>"< n‘i j ij^oaII jiLu 
^ 1] Jf^l j* <<-ot 41 j4-uij Lf-ujjjj CtLojlcLI jVl ja>ij 

iju^Uiiij <oL£jlj!£Ilj pIjjjjJI i_ij 8^1I Jla JLlO <lft j n |uAUji jSiij <Cilj.il I 
1^1 iljjxll jlsLII |kpjll J <<il ^jLai 6jl_p CiLajJ 

.^ilil p Laflll 

till ja.jjaV<P(j-**l Lfj jU I Cl Ijla-aJ I till guajl jl JjLaJ—Mi «i_pLj ^I I IJA 
— d ~>r j^ i LiLjj^ ' jS~) '" I * * I J • La ^jJ| <_Jjiajfl 1 *1 * j “^1 daj d . ^ e 

y—lc. <—Jj—*S ljJI pI— lac J L-paljij j\ 3 —ii jl Liflc i_p.ljll j>lll jSijj 

. il l rtl 11 ja 

uija jftfr jLa-uil 
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Js*< 

jLSUI Jlif 
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JjVl J—a-4-JI 


ijSJt uL>J 


CijUll JJ u 


Jil ^Jc. jj-iUI > tirt'ij <j^Li ju ^jVl jjJc Si i -wll olJ j 

AJU (Cu_u ,'n ■ I» I_ill ^jjLuU Lb ji <iu jpll jjt V Lb JXi < jl lii 

Cmul (jSjVl jjl ^ liLill ij liil ^X.jll (jltJ • LjjJC j^ILJI <KJ. y!^ll j^jlj 

^Je <ljI <jI (jVl ji jJ liii VI liL. 4 fclm Jji Jbjj yJ 

jl <n ‘i'll liliLslia jmii jl I_|-^I I jJ < jj£JI (jlin Si > ->■ 

. 60 a.J ._!$_)£ SLiJI 

cJjIjLLlJ £_» JjVl human beings j^LJI £_« J-l «v..~ LiJ 

<Lucu S 11 ->ll jlitiVil jjc <Jj^jJI j,jjSJI b^JbJI iJLa ^ j .A ^ 1,1 cijL* 

jLul 4 » k iii jc Jii V Sol j •*■ »11 ^ a LaJI ollaj i^bbII CjI iti'i aLrwJLi iLalc. 

JJj 3^“^* L*j-b^ 

key mutations 3 _> ... y jll .-.1 ^ Ski I ^Julj 3.1 4 .11 ■-■*: 1 ~ j_J Lbjj 

U* (*L^Vl ,>• w>>S jl olixJ (jiljjll JliliVI ,ji JjaS ^ SjiJtJlj) % _ 
oljj^_Jlj j L-w JI J 7 jLL _iL»_=JI jyB t|* mSi LLblb. i j1c. SjjLi 11>1>,-a «_uJI LVLaJI 
^ <_.I_ 4 _JI xi the ozone layer M ,',tnV l 3 1 J» Lbjjj .jLfiVlj 

. 4V -* u«»B . M l 4 l 111 I j -4 j-j-jSII jli> jLl ^jjJI J_ajl «_»V—aJI 

oiti S jaiLII jbbuII LiiV CuAjtj La I jl LjJI SLaJI jl ^■ I jlj , 4 
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LuLi jAllI jK LaJjJ . I J-a. <ln.ViM Jl^IaSU j-lLaJI iV^aHll ^ 

L‘J < t < Si J*kt l J » % t< V^l B n t ju Ai jjaJlj jll _)-uiS Jjljj itii ijlla 

Oftll n'i m l S lj-J l Lcljil j llr»l 1 jl i*iaVI Olajlj In I itill I *t i iti 8 

. <j )fr ill ■ ala^.11 £_a i i.<~ll 

ha%j *tl L q J UjI uj&l Lb jit ^ajVl jlIbui bL&II CjjC JU <u^uJI jK Li 

4aAj LjjAj c J^fc ftL^JI ^LiuuuuI Jfj ■ ,flf fj .4 jjlu jj^ui£j 

<. ft A Luigi I JLxaJI jd * iLflll <jJ_i_LJI ^lalill La I (jjajVl ^cLui ^Ic. I 

. LujAj L^ift &LaJI c*j^a 3 iLJI 

n aJIaII ^I^Vl ‘"^j■» f 6L_=JI f^LiL^&ll p«ull 

tlsbjgj .6 JlK ^ I^jI J^Ll i-u! ^Jc 6 jjL 5 ^jlC- Ct^ i u"»l fjiz* (jjLuill J^a oilij 
.i=uojSjl -lii ^l_jjVl Li *£jj _^loLJI 0S5II if* 

CjIjLJI jIubjjVI ^luIj I4IB ijLusI I 

IfA jl tjji.mll jj aJI ‘ (j® jLiSiVI 4J..1 -b « t _ > Ai-Jlj jp Unj^U j 

jjtU ji £^jill < IjLilil jjSi i i'mill I «£ .JL^yi .itjjLlil <jjjVl 

<&U>J )JL>l-3LO \ “V.I — pliJI l jie. tjjl JB^Ij < 4J i "k 1 I tijjljjSIlj Clljliill <> 

• _>kill <fa.J 

L^JLoSV jl l^.L L1 jj-a] Ljxc. (j-o l ~ifl^~i ^^lll Species £j_jjVl <-c. j|n % . n j 
<Lujll ^jualj . Primates ^ c»lj<» /ijll <Ljj ^j ^bju ^^III ^l^jVl < Lj jjj-uJI 
jl 4 jjj 1 I 1 llaLUV jBikU^JI kouJIj * J^l al UauiV 4 n l ^ (ja L^alj 

. Ij-Jj ^tin jjLuaiVI 

j..t<\l l |Jc, .“.ftL 4 aijlL ^iLllujjjII 4 uj ■"■■ ■«»i <ijl ft%VI ^Icj 

jj * H»J < 111 « ^ ^jJlj-a. jjjB qL.i.i _i\ j 1 I (Jjl CiL-iiu Laj-i » t < il l 

fl <j|) Lyj£* L* Jjaj ji rfVB ij «£ji V • • Lila. Lfj-B .Aa.jJJ * <lu< UJhjLa 
iaOj I jl) <Cil jj £jj Ja^jJ V <dlj Cy* f-*^lj .i^jlall j^Lil <j<uaJI 

^IjiVl J Ifttnj jUoi ji t i Tw i «( ^jLuua^JI ^ JjLmjVI S_)-a 

jj.VI ( jAbiM j t LuLijji jlallo .Lij^iaJI l %>*1 o-° is* 

• LluiI ,B t ail t-ljla. ijlalla 
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A jlflr. SjJij jli jil CiI j pIjjui <itllJ jjJcj 

. LoLu jo «H <Uaj^o *j 1 ^L^ds| I 4 J »~ul^ c ■!/*>[ Ijlwj • brainpower 

.jj£| LLU^I j^ji=u CiliudJjtl (jA SjliJa. £ I^jI Jljj V Cul^ jajII 

If* « c g^L u i a (jJtl (^jJc La~s Oj^ ^1 C»l j ».,. j\ >ll <j 2 j ^ ^(^Vl tjiajj 
■ Hominid3G (jLaiVLi ^uulf olAjialf 4 JjLc. ^ a»i ^jJI oLluujjII 

jia^j 4 iiiiV C«J£ jjt ijLuij^fl 4 j 1 A 1 <Jjl_all tit jljJl J-^l ^11 jjjJu jJij 
(jjO li)_».LllI JjLliiiVL I I iti _jiSl IjiLS 4 jj!Jj jkJtj^Sl « j*|) K ,j| til*. ** (jl mi l 

^ 1 fl * jLui^U 4 jI^a 1 I ft **,* -*H c*La^1aJLI |^a jjjju ^jil < ^ uiL^tl lii Itll tj^tll 

.JLrJI ol^l^JI 

4 i-ui \ i je JL V I_a jla *i ».a 4 ol B jI ■ uiVI al 1 ifil >» la J_fij 

t East Africa Liai >t| Vjl lijt dij % «u La j ^ (| 4 iui \ i 

• 1 1111I LiAj )tl j it i ti I ft y um I ^jLuijyi ttuul jtc 

4 jjj jLiiil aJjli 4 -i| Cjj(^ LJii < jJLlSJI j>g -^.a ^^Jcj 

<jLa. j 3 -fl tiilj (jJa. ^jja.Vl ^IjjVl J£ JjK Lc£ftj l( jl i.ilVI ala-ijul 

^fjJVl ^ jl j i^ Jja La 0 i* V* I Jaj ft 1 ^ tjkuJIj Jaj I i/"ifl jLaiiVI tL-uil 

(j-uil 1 a i t iJ I ^ .j l f pi t ill ^-uoJljj JjJ ^9 4.5 ti ll I Cila iti ^Jill j^iVl 
jLlaill p Ijj tJja>jll p Ij_JlRj 4 —-uA-ilj (_1 1 1 111 4 _JLill j_laL-iil ( jlc. t^lixuillj 

. Jjiiltj J^LuJll 


^lallil jlkj ^jLk JjljVl jL-rfl a I I Mil * 1 u jij tf£^aS I ol 1 i.i i^ll Jj-aj 

4 ijJ*ll jli l *il . I pLlu J[^atj SjjLJI ^ILill Jaail j 1 *■ * j *» ^jV itjjljll 

yt ijSj ^lj ‘(^Jyjollj 4—aJt a i tit l j^Ixikttl jjjjjljilj 4_ul^JLuiVI 4 5lit t, I juj 

• p I uti ll j^ju JljL ^AlStll p I jail ^itjj a ||*«-1 L* . ..I 

> - i.^‘ ij t j L jjio ^il^a. ila aj-a J 5 V Homo erectus LaUII ' Jj LuiVI Lii 

(jLuaiVI alui i« t jj-tj ^a_aJI liinj~i a ^a <1 \ , 0 • • , ♦ • • J 4xu> 
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<<LijLuuVI a \ jkti Jj| 4 aI£|I « .. \ I ^ji^uiVI 

^ <lLa <j-o J^.1 4j ^JLa ^J ^jll J^aJf iillj ijliU £juu(j ^Ij^ILuiL ^Uj <j-o JjI JjK 
J-5 ^1 o J fli jo^Vl ^jl au-iVI ftl i ini Ijx. I a > £ I^j| Jajj I ^IjSVl 

.Jj-iaJI (JJj jlo jllll jllj^i nl Cuj-u^J 

, , f. $ „ 

JL itill 4^ a. ^I| (_j I {y 4aLa 1 I <_urf-»V>ll I m*iVI jLJI ^l.\’V> xtiI .Iflj 

4-fla. j — i i-Jj jit J^a j> i.,>5l I J)l i m V I al n7il I j If jj I iiLJU £y Jjlj I 4_aL-uji 

J «*!■> 11 {yj Ij 11 UAlj-a LU> I iA'| QJa .^1 oL^ia. OJaj yA 1 

• U<»< * •»* ul 

hominids j it itl j j h < 4*ua Yo • , • * • ^j_a <_>j_JLi I— a SjJI La- i ^ 

^jll £jJI j* <Jlj < Homo sapiens JaLJI jLuiVI <^a ,i jaj£ll ^La^aVl 

^jll ajj >-Ji Jjjjuill ^lill iy U<n l Jl ft < n ^ '«ial IjjLa. J-5j .4j]J y* ~iVi 

. Ice Age ^g-ulaJ I ji<n»,ll «jajl 

,Ja.| {y oLil^_k_aJI jLJI J5L*JI (jLuuVI jkl 0 ~k*i» aLa-fl < LlijjLi 4jl.i-i]l y\j 
1 a i*]fja ^ilju <uLi t ^y*-$l Ij ^Ujit 4 i ij a ~v a. Lai j mj LuJ^J 4i * Ji t i *ii j (pcijll 

. pi niiUjll y> ijjja 4 jjj j» Ja 

LaLu * ■ ■*" Homo Sapiens JaLxII ^jL-iuVI £jj ij-a ^jVl pLc. 1« a. 11 jjSi 
(JS-ii yS ■-■! a^l~->.VI jA m i .Jlill (J i i i <i ^Jc. i lilLiJb PjLS Laj|_j < ( j ; i_ilLaJI j i t i i tl 
LUltj . Neanderthal man JljjjiLj Jjl m*il ^lkt&a j l c . j IUi jay <<_o_a_o^JI 
<J2£ World land ^JLJI Sj^ak (j t i jni JLijjjLu jjLuuj jjli <aJ>a.j ^y j 

Lujiij Lijj^jl j^a ^jujIjII 

£jj jjbj € modern man "liyj-aJI jjLuijVr . <Ju-u Yo , • • • jla <j] j_u 
^y ^a^II J La jjLt y*J .^»1| 1/^*“ jjLuuVI 

^A SaLi£ duJ-=JI tjl ...Wl jl ^eoll iyJ ■ hominid LuL^yi 3 li . oil l 

oi^l (jfjj <1 Vj Cr° (jJc- cJLljjiLj JjLaajj 0-° La-o-i « 

. Lij| j i4 «a 

j >1 0'll < yi itl itl (julaJI (jl — 1 m \ xi-al ili J J ~ a l l JjLaauVI jj | h 0 —*-iJ 

•H 1 ^ 1 S -«^ 
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uj 4*wi t L(p«jj < ill il^fclI <<*>«H ol )« J 6jjJ ^ lit Qil^ I «J « C j 

ljj£ ■»■ t~A |^ltl * *V - iiJokll C ljIVL tLill ui < jni %u j-a-JI 
j ‘«-' jS • Alaska l^u>Vlj Lj ujm Lj j . «j <»j 

,i .l ? H * tliab 4xa dj^l j^i i^uilj 


LU^ill jlj-iail jij <£^aLll Li^imu JjLwa u it^ < Jjfiil tilt ^lj 

I Jl <J ^jjjlkt jjjj ■ < j liniH !LxaJI i ^jll iJ il IL 4-J_uJI 

tjlj ^jiJI julaJI jd> i»l l^ii iajj ^llI < North America <JL^i£Ji 

JjJajj . i * * ' 4lui JiJ ijtj jL$ . tj|^ill ji iJjLiiL jl * (jj-aJI 

. South America Cu^jaJI l^_i >^al ^1 jl-mWI j ^ > * * * ^ *»»» 

> 

jjJj Jjlojj < Strait of Magellan jila-i JuA^ ^11 AV • * <iu 

<_^IaJI oiljll Sjjj-aJI fjAj • (Tierra del Fuego) Jjljjj 

1 j Ii ii |jjll Ljja jlilill Ci^ iII <a1u 1I lilt C.t*»l ^ j ■ - * 11 jjo i nt) 

.^JLaJI yi (C y a.1 Oti’n <j| jc SjLApJI Jii ^jlj JSLuuj jitiJI 

daj Ijj y^J j*\i ill aLu i _ijift jallajl jLmjVI JjlIujI «i*jfj Jii ylaj 

. Llljlui(j jL^ilJ New Guinea tjijaJI L'uf ^11 

jyjll taLull Aj 4 J^II j^ioljVl Ji i h i ^miII joiaJI jl^ < j 1 *vM <illj Jtaj 

. JjJaJI I j triij 

• S jM *il *L«_MiLi oLa. 1 1 ii n jjA juju (£Ji ^jj Jjl (£J itiill julall jl^ 

(jjllj < Uljj j-J-SVl ^jill \ irt l yl& (gj-Ju-dl jjul&ll jjlij jiall liLfj jlaj 
<jaJI oliil^tl jj» Oljj £ji Jaji «villj ,jA ^JlVlj . JA fjja <1 jlha pJLaJI <J ■"■ 

• O^j <^l yA <K jJUjl £Jjtj J(_jJa jljiVl j* Sj^u&ll 4c.LuJf «jjb Jia J^ur jS 


lujii\ jA I jtiy.1 

«ft pLaijI jjl j»i > 1 1 JA joiaJI ji 

f-U .SjLAaJI Ijj 3 jj JjJ Antarctica (<_u>lail j^laJI^ K.-X jItjVf Ijc. L* 
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Lfl 6 •i j LJlI j)UI *il I Jjx Jjja L* ^laLxa 4 _ij_iil pi f I «i ^ <JI 

<^jl jL mi i 

£jLaJI Cul^ < 4 i.ul LJI 6J »l £ Ift nal ^XC. JjLu SjUUI Cul^ LaJ_ic. ^~k~vj 

■ I J (Jjaa^JL jl J nl-k i Vj <a.UJC. Cilj^ jJ Jj !^ya JaHj 


i Sn^Q i.,iumI ililjil 6 jLulIiI (jl^j <^jL^ll jau jlu JiVl fjj <l>jlI j^ jJa 

Jj&ajj .o L it lal yjja^tl piiil mill <_utLiiVl jklj-t~iml ^uull juiaJI j> In i 

— ^1^-kJI — (JjiVl ( jic. ijl^Vl CuL£ colij^laljJLAyl ja ^Ja 




JjU i4ojJall Sj%"l I oliVyi 4 ^Llua ^iLoj 4 oIjj^IqIjiaVI jj^I Cu(^ 

<ijU_ t> l 1 <jj^y^LaVlj Persian Empire L^ujUtl Lj^kl^uVI 4a,l uta pal* 

<> jk£.^ll ^jic. < ^ g xl-a i_iuuj ^jja^La 4«j m Roman Empire 

jjl^j i<jLuij (jj_lie No ja Xxji V Ql£uu ^*A* i CiiL^ JjVl L^J al t-LjaV I 

d j>« tall 0 L j a Lf yXoV I ^l<«" CuK ,4dm i ^*id ila 1 • jc 6jjaVl j K <m jljJLk Jj">i V 

{jl^j ti h Jb! ^idl) , jLLJL iljjtu I |i^l < Ujj Sjji ida ^jd-xAlIj j> |II 
<j jL> i a l_ > _j_ J »yi ^oj jj-i ci_>- 4 -b The Han Empire of china 4 /n ..nil (jLfll) 

.lua) /n xL jjmg%ll l jld Jjjj La ^KmiH ja Lfj (jlS <djL aat ll 


Jij ‘jjjj «ll Oj^LljXjgj 4^1 >.n f I j irtf Jai La p il la ial |-i-flj jd£l Oll^ 

^Jt I ■»* jdji jaIjI N Y*\* ^La Kublai Khan ^ ^L^ ^Lj jliun 

4j la Jal_^XjaJ ^xaljl Ll ^y> ji5kl 4 *1^ 1 a a 4 *x l m a oil^J f^dj-a jild jIX j jjla TA, 0 
^1 Danube River {y> LfSlLi ^uujl <tua.. Lajju ji Lfl <jLLu. SjjU^a 

i^lLdl ^ d . -.. 1 «ll jU'.tl o/\ ■** oil^j i Pacific Ocean ^ii > ■ nl all i rii *al I 

I|*il^m jljli ^li) 

JjK ,» •« jail 4_l alii I 4tlr>~l a Jljj V 4 jjj«]I Laia l Cul£ < I JJk (J^Li. 

Jlay i a j£j i4jjl»<jH 4j it lal |XdVI SjJajm Ci-t.i 4 ajjlll n mall jjiiSI ijx 

Sjii j>|j.ll Cul£j ijd^LIji JiLi. (2h“ JSVl (i fJc Jaddylil ,j£kJI fJLt <_jjill 

. jjftl jt Jia JanyVl J/ill jt 
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Jliui ^ « - A | <|^iloLsJI 4_uLqj^JI < b^f laIj-i^oV 1 jL t ^.il J.J Li 4 j| J J> 

Jjia, U j»4^ljjl u^J * -tol* 

. <_>yiaJlj J)-* ^jLtll jjJ^LuuVI jkJDI (2>® <itua 

i> <iLsu V-*%J <ij^JI ^ iw^LuVI tr ^»ljVl Jjfjujl Jbl CAi fj 

Benjamin of Tude- ^litilll JmLuj ji jl£ iii . Ljj^j Ji I *««« Luj^jl ( 6 jlLul 
jj^jJlII ^iljl 4-iiLxxuVl 4 unij^il JjJ^ll jjjc. N3V3IT6 ^jLflj jlj ££all < la 
j« I $ irtii ij^xull ^Jj <U.j i jt Jj* i it I < N N VT ^Lcj \ \o^ jkLt jjj .j itift ^jjLill 
4 i u in jkLS jJflj . 6J . 1 J a ll Jy jjll Cil tuna SjLjl I fl ■ -*» eSjLaaJI 4 lifj Jiii 
I 4 J 0^2 j»J t>° 1 -fAjSk] ‘“'Aflaj *jl a®J ■ j® aaJI jl^Ii-L 

<j*<Jl>A-ll Sljiil Lj_y*ll lyjjl Ci^lj .CJjll dla ui ^aojuill ^JIaII j-ijLj 

< a .< u La. <JaaJ jjc 4iV dla <<-JyAll Ljylal_yj®VI jllu ^jli Cilia I J *«^t < \ Y1 • <lui 
4>?>J ar L u aJSy . JUJ-a. jlA wi 1 ■>TiV <LljiII * "-H ■*'* ^ l>j.J5ill j^ciL 

^lt 4 _a_uiLui jaljl Ct l *d *11 ft J ilj (C ^ 3 i CuL^ I — 4 j n LI i-uVI 
J«j®“lll (j® J5l I jlaii 4jt® J£u {£,111 J-aJI ^Jl JjSVl ijLc. < {£jjll j * ■■■!! <J Jj ■■■ 

• laa ujill Ji 1111 I jij 

|H'u 5atLJU i.iIUj cjjill jn®i*il jj^ulil] ciLILujVI ■*■«■ <L>L1I Lltj cajj 

6 aA (J^l ojaLt .< ?_i*kjm lI ^i®ljVl a'y t jkjau jj£L ^lt J^it&llj ijOLVI LjLl 

jilij <£a (jjlijja. ^ . Hj .i nj ill (£Vl) 5aL2 oaJ ilYfcl <1** ^ oLlLu_,VI 

<JLuijVI cJLup . 11A. ^.Lt ^ alj <£.111 < Giovanni de Piano Carpini 
LJL&. ^ « 111 I ^pll) Karkorum ^ <jJja_U < « ..a la It J_y_u»yJl Ji mil JS® 

•o j** 1 ' " t>° j->SV cula <JLj a«j IjjjjI ^1 oaltj <^<Luxuill Llyal* < u jy j « 

V 3 ^ ^ J**- alt j,] L «GSJ iJ>* 1I <> ajtj Li ^ jJ 

ftljill <-uaji Jyl ojl^ aJj .iiallj LtilylL A® mi ll oLlj^>II J)® ojISj <6^LLui] (jt 

■ I jAai uylI Lull ^jC. <Uyia® LIjl, IjIjIL jji ^jxuytil 

(c*) >*j ' William of Rubrack ^jlhjl^I fLjLy <-®l* Jj-C aJU ,dia 

^ ^f-“ljll U^J)1 1-Uftlyi idiL ylS . U\fl <jyui jjJlj—a. alj I^Uliyi ^jKlIIJ 111*1 ji 

Rubmck cl >n i aaL ci^l olLjL *j a * »>L^II 4 Ij* ^.11 ^ i*lj l .*. j>L...U ^ 


29 



,x»jj <lc.LuLj . Wot ^.Lc j i«~i > ... j-o ^Ju*. ^jLJI Jjjll ^11 

J ‘~** 1 *4Ll) < Jj 15 H J t il l j-3kjl ijjJjVl <j]Lui_jVI (j* Ciljlut ^yjLaj 

.jlujl^ <jjS Lu Jxail 

Marco Polio ^ ^ ^jUjj —a m il l Liu^j-ull Jj-i-oj Sj^jJI ■»■ • I«j 

‘tac.jjlj5Li* jj| Ja^jc-iLull <Lxj-o Lai*i « (NVYfc — NYol) 
I CulS (£>iil CtijJI yi < ^*V» jklc. ji Ijajl Jij .<ijLaj <JA> 

. lfi)< <*• ji ^ jli Sjlii Coii <iljill 

Shangtu jlajLi ^ jLuall ^1 jla ^Lii jLiJjiill jlj 

4 ~i i ii > <L«laa lit IjiVj . | Xanadu ^jLtl^ ^uiL LjjjI «•■*»< JO 

• tJl 

jLill «-! ■> r (j .jJSjL« S^l a ja ^JLfllj^ <2>L£j . oi l ^Jl jJIjj Sj-LVI jLc 
4ll Jjj ,<j JJJJ 4 ^uiLjLj^ Jjt£ jl <OjLtS Oal LlJj lllit'l n <jj| JSjlj ij^jIai 
Aj^j ^ j < n i'l l j^Jc. JjIiIaLiVI S 5 I.VI jjlui <ja* 1I ^ ijLUl ^j£j Laic. 

1^4 lj <11 if I < jijjli ^Jj itf^u 5j-i-ol iiLal ^I^ALS Ltjtcj f ilLtL 
. N V^o ^.L. u* (£>*? ij* <JolJI ljjl.i IjLajj ^1 t-uj+ll 

1-lHmll IjtLklVI tji? 1 ^‘“ I * itla> a . a i‘..11 i^u K ( \Y^A ^fl 

LaUjj . iji a a'i J I J[>LujI SjLi ^li ^111 >U_jj jSijL <4 jjLII 

1jk» 1 «tiH JjLuuil Ijjj^ (jl j* >_ i ^lj .tjl tiill 4 i«*> a uj£ t ^^ jgll (j^«i‘lI jl (jlSt 

J5j. 4^ 1 j ItJ^JU jjll LlL^A(j 1 liyj p 1^1 jAjJU I *ft* 

jt Jij J> "ill Jij-i JjjjV I cijX ^ujlall diJ ilaj <Oulu!j 6j| ,i,u <jLj£J jlfk 

• fJLII Zjija. 


jaoll jlitai 


IjfJ ~ tillj jju liui SLxiuai jL* (4j jjJL jLJI jl^ 

itlliA CuLStj i £^ta»VI JLauVI iIlluj jA jl ■ /> *tl l J fl i !Lua Lajlj —.^ 
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1.1'TkJ-^jlill <LAjLuaJ ^lll oLiliJIj t i—i-a.J I 

■ (^ lnn» i.tiki i^olI Ij < 1 fl *!■ ■■ * jx^l* ^olI 4-ilvaJI Jjui^LxJI j < L^j I 

fig 

Jj 'j* &i Lxjj-j-ij l^-a-o .~«-v t ±^s.\ ,* x \ ell Jj| 11 < "pU LftjLc. ftLJLI iin Cul^ 1 ■ n\\ tj 

jlfkj «^aII pLLuO jlc. i i ij ft 4 uti CuLS (p^uu c 6lollj .^jLlJI 

(HfljjtJ . jl <££ h }-^II jl J)C ^J - t-u l l (J K mi I ^jA ^ i ti 

£_jI^-Aj j\i.iJI ^-13 J-iill 1 Jj-o t jL$j| t—t'fic- 4 -ojJaII CjI^LlAaII 

dlllA oiLS JAA ,6jLajil (JSj <L_i_u33 «^AjuJI ^Jj-uuj ^-lll <11^ 

j| <«_> 1 pL^J j| (Jm <pUI ^jA l aA. I 6jLo 0A ^ ft iLojI 

^ 1 1 A 1 tijLo^VI ^li 11 -xl JjL£ JJU .A J 3 J&II j| ijL^jJuVl 

I fl n l. W "i m V < lU J "kL."J I ft-frjtJ ^*1 cSj^IjlII ^jc. 6jjJi 

.<L£JI JLa^VI ^i-ta ^jJc. cjjl^lll j£.Luu «*■»■*■ i 4 JLulL)I JLaaVI 


61 ^ tl I JaC, > JLajjVI ^aIIj i£jLojV I 6 *X^i n * (J ^3 

J 3 -AC <la-uiljj IfJLflJ j| LAitl^JI Jjlij *■ wa! I j dLJLI '_*l «*■■«! ■ ^_g_ill 

SjIajlijU^U ^ Ij^iJI jxlJ *Vi m l jxJ <<j(-0-lII 6^-0 ^ \\a <^-Oh. JjC 

jLlJI L$jJ ( _ f jiI jjSLaVl <J>fJ-uJ j-fljjj jjl I_jjlill (j^u t±jj. Tfc -t £-1^11 iji jji 


(Jjlji ^..j Y“\. 


<1uj .jLiHll JiA jLajVI jic jl- 

. <JLil^j J^l) I ti/^A j.o^u <j£ l^xi 


<bji« ^Jc. Lulj fjll jjl^ ‘^««*"■- < I »*>■*« 4 i^_i_u 4 j^_i 1 I <^^ULI 

C*tJ lj| ylA jl eiuj ^ tM j| ^I^juJI ^IjA.I.luI 4 j^aj jjLS 4 K, ^ ^ 4 " fljL^ Lq lj|j 

jL^jVIj p^II j-aLc. Lo Ijj I ah^^ c-La^ll (jLSbj .^JLI^jJuJI q .. u1 ^j| <^L^il 

fi 

ti l ^J| iJLII JiXui jJc. <^^ill uirtfl IjjL^-i-a yi 


(jc. Ija*j qjSj jji o^LI a-° ,jLuiyi jK 
tlh 8 jjLn 6LI) ij* oujuLui oUiLuu <Ij& c iUI xu Vj 

c$l ijAj ^(^>=^1 *j-» jjII 3jjl> u-° u| <>> uLSj 

fi p 

Lj-ijl Xu jjj *i~i nln->j <JjLi ■ «H .*.-■ I ~ -«■ I j] .*. .1^ . IjLoj ?j—SJJ at—aul 

^Lut 
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*jaJI ujSj 4J11UII On flj SjLajll ^I| <aLJU <cllj £-Aj 

CtLa^j Cul^J UjAjj IjiaJ uLuaVI ^Jj IjaLaaI <Jlall Juu 

jljil ^iaLuJI (Jj-ia ^Jc. 4jiiti.^lI (JjSLff i_j*k 1 m j^ai J flfl . jLil 

^Jc- l^LulaVI J^a, 4 -uKaI l*uKj .oLuij 4 jJUa Cul^ ‘L&jjLII 6 «XA jl j » f <jj^X4 

• d^uJI j^ftVl jirtfl ^I| cLiaall jl dajuJjj l^j jL^jV Ij 4liiui jlo 

Minoan ^^olj fill ^ u^a ** 4-u ujj ^ ^ **■ J^l 

j a i*. 1 cul^ j-fl-fl < 6 jj]>a cu^ cul^ Uj V • • * <lui cuj^ jjj people 
oLftl ^ tVI cJllA Cul£ 4 jI ^a£, * ^Jc. i-fJjl-ftJ 

^iuLII jLujVI c uj ^ ^ILal ^Luj .6 jL^JI ^ »*“«■ cUj jaLw jjj < L u^ aj 

.4 Ljia O^Iaj JSj fJ jjC, 

4<ij^Jo <jj^ i I^-aLa ji.^^Lo J[^l ^jb Phoenicians ^ ^ ^jLS 

pLd.^ 1 filial I ^Jbj 1 tH *vM (Jjj|j_uu| J^ljJ4l ^ic. LuU ££tlll l_ULjbuII ^Jbj 

< Phoenicia "l j a j» a j . Canaanites j»/»f .:<IL ujLSLlI ^_a 

,d w ...tjH j-uQ **1 iflll <ili4 * Tyre j p -tA ^jV < gl^ji ^\a ft I 4 uIjjj 4aJ£ 

. JjjUI 4jjI 4 jL&x ^1 I^aLI^L jj".*" c*jl£ 

^j| j| «<i^L d 1 ....jjK ^aIII jftVl J^f jjjLkdl Lojjj 

jjl£ l«il t JLl^JI 4 ^."v LojIj ^jbj <(JLiLI ij m *n ^k < Big Dipper jjSVI c~>»aI I 

• (3>*ill 4 ^-a. ^ajI 4j| 4 lLft*i 6 J^i 

ojLSj (iajujjall J -kail g^Lj-a^ja ^ jAj m aII <jk.<J N • « • 4l<-u 

Jjuj LbjIj^J LbjLuujI ^Jc dcLui < dJlaJb 6jiakj Lo-C. 4 ^ujjuia CtLj Kk 

l jA Odysseus ^ ju^uijji ujL&t ja <jlux ^L^iVI cuK <4aLlu1I 

j^uiVl j» I'tlij-JI jlaJili 1 *1 «<n^V (JiiLjj . Odessey LuujjVl 

(. Jason and the Argonauts Cjj^^ oLKaJ ^LuVI <jl 


Carthage <^liaj 2 j Utica I^jjjm jjjinjtil < i ml^ l j A* * <juui 

4j$Jb * .a! ( j^aj m aII 4 aj < 4 A.Uaj- 3 j .^^ujjoj LiILa l ijj jll <^-^ 1 jVl 


.4ujkJlj d til *."11 d aLI\a« iftUljlil ^ajJI ojt ^ « *" i A | Cl 
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jjlls |3j l ^ > ° JL ?. 1 *} Ct^lc jill Jaujill jajll t^yuSi Jjl /i» 181* 1 1 il l (jl£ 

Cl ]n »Atll ,jli jl lij^u Im-tl I jjii ^li .^LjlkVl lijtll Strait of Gibraltar 
jj L*J I 6 yj*> a. rjaJI ijljj jjK . ..II ■ tiV “ IA jajl <_j I in IJ 

. (^IjaII <ijc ^jll 


ja*i iJjUi JiA JidbOJ ujiaj Jl n iii jj iLS jjuiouiJI > ml 

ji^ jl < CassitGrides j i-lj * ...IOI .».*.. nil. «.^.*CI ^laiiLVl j^LiVl 
LmiLuI ^L&il Ijjb .^LaJI jjj^oaII Ij^li ■*> ***• ■ Tin Isles I 


.Jauijkill j&ill aA *"*- ‘"II j ■ i.^flll jjl i/m Jju ^ iirtl 


«JA jKi .-vL Ijkllaj all jj-a. £-ij_0 jjlu (jj fl *t j ^j< I ft J*IJ a il JJl 

ciLttjl* « jk^JI ■> Iiijl iajj V <j| <&jjl Jlj I^jl&j iij '<*... ■ »**H OlLJI 

^Aj < Cornwall jjall 6 j-A j^Jfc jliaJ La Sjlcj . jjjaJI tJA jc Sj^}« 

(^La jj-a. jl i^JajJI LulioujJ u-° ^ i*St»ll SjjjaJ' ^ 

LfbULjjuul jU J_l.lIrt a j>^l*u I »fl »K« J&jj ■ t ‘- A (Jj^jj^JI bijli jk O-Sljil 

•SjjiafcVl |*H > aII 


£j,>ll Laljj ^ill fi ll lllil Jl I cl I t fll itl^l 1 A<V I J ‘“I 

J*»jl jk j *\«« <Lui ^llj^ Cl {Ct i ji> . Herodotus ), huj< v-ls 
<& a^il cujSu . Lfij^sl J^La i ilili^'iiiiV ajS.*».a <iu Nicho »■ ^cjj ^* -*H» 
cill 4n i «m jj*i 11< j« Hanno jjli ^Lilxill ^iUtl Sj—oj **■**• ~ ojL^ ^III 

J*> l m il J%*i jLajVIj Ijdtlij . . al ...’Cl I jin ■ « iflU ijn«~iinB 

J. 1 "* 1 n Ja>^ j • **« (_J| oljiui ££15 j-»j Ijjl—tj SjLall Jj—a- IjjIjj Liij^iy 

• jjLk Jia. 


<j!±ua 1I C l, j l j m^Ti ijjii L& cV ,las j,iioj V Cj lj^< jujjjjtA 

t)» cijjVl SjLaJI jjji^ll bjjlaJI <iL>_e ^*np ** l^j(_£ I * 1 ■** ^^*»< ■ ajLlx. 

culi Uj .(JLajluJI ^l|) ^ Ll n_l ^Jc (JUAjuII c»il^ «<_yjJI 1^11 jj jill 
— Cflj^a-LI ^iiljVl JS LojIj Cul£ iiij> - 4Jjl*il CLldl JLw ji 

(^jiaJI ui^kll £A* dllj ^5 JjLil jl5i La Jlj JjKi .^paJI ^ 
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[j.JLajill ^4 J*-&IL ^jiui ,t.M ^jjSkp iJLiAj <<UjjjlLI <UlLu 1I <_>jia. 

Jl~<*J f -jll J « ~>J L» s $Aj iJa^JL ajOiLjj j5 Ijjjii jj| lj^j£ ^JLllio jaC. 1 flQJ_a 

,<Sj 3L». SjliJI Jja. jjljjjll jjl 

< 

l,.a.il i < jSLL_a(jb ^Xpi.U ^.8 i'll 8 jOLo ■ a-tX" . ..I io • 4 juui ^ Hj ■».j 

JLijjJI LJL. 4 j I f j j ll ni La JjJa ^Jc. JLo-ilJI ^tallJaVl J^Llu 'd« ■« .X <j [ q yf 
JjjUI ,jA 104 (jl£ jjl J. 1 J*|I Ujjj ^Jl Jj^ajil 4"i5Ln| Lojjj € I 1 “ ‘j tj It* ^ 

.j_iJ_c^x&JI j^p. ^Jl jLIjlII ^a***all 

fi 

fji-nU j-J-C. {£j^l ( j8III O-ajJ j>-Lfl < LuL Jjjlla Jj-a u* JjpJ-^ LiajSl I pIaj ^LLaj 
Cul^ £—iljll Jjjill (j-8 4j| J-u .^JalUaVl olujLi aj~aL*_LI I n 1 jj* ■*«*« «*H 

!«■/-< ^ LuLjJI Syracuse LuajSL^ iuoa £-o uj^a 4luiLu 4iajjlo ^Ltajfi 

.,jj i iA 1 Ll (j i i*i^ LtaJ_ft] I ill uu * *« J—flj . l all I <j •••! LjJ Cul£ La » ^jj 

Pytheas of li In<<L Jj-o jn*"■ i ^x..u j-iL I<n*i <^. jj VY• ^^llj_a. ( j-aj 

. Jl mtili j^j jap(j ^l-»*iIUVI ^J| (LJLa. LLuuja) Massilia 

LljI h<iIj JLujJI JaJjxu Pytheas jn* >»..a.ti < \'iml < Hiiailco ili «La JLy 

j^lj jLil oJbj . Lftja. jlj <j| Jo~i->11 jxj < LiLlajjj ^1| .'ill*fc~ilL Jj-ajj < LuiLjij 
Jj.iit-ilI Jlja.1 p jjlju |_I »nij CiJ-Lill Jal 0 ^-g-ij_i*». f‘i 4 AJUaj >aJI l^j Jiiilj jjxlI iLijJall 
^aj (a_j_l_JI) ^ rJ A t 11 ■ 4j « -wll *Lxj11 11 pLa yxaJLI I— lA11 i Lrtaa « jj-fl 

IJ > a I <xajl I nK Jaillj jL^llI JjJa i_a^t ~i ~l I a jLj <JL^la ^1| jl—iilj -Ji.i a ll 

U& it,\Sk.t V ^ill p^ I till ijt jil CjLSjA. (jJI jLilj <JLa_iXi]l 

. (jjallj jll ill ^Jui ^jll Juuijill jakJI 

JL.titl tiiiJ «Tul^ J^Lal ^)C. Ja.] a_p.l jl OxpLu JJhLui ,'ia ^J Lojjj 
^ jJe, 3^*1 •“J I j jL 3^-kyi u^- U^-® ^ u< 

JaIajj <JLa^Jull ^ l f»t l j»-Xljl Jl ft it lll J p ftt l J* oil^ yjllj I | l » f» J yjll ^P^IjVl 
^*i j ujilI jj^ijjjjVl lJju tiaj jltj • Scandinavia L>i li j i^ < a j <_JL*il ^ cu K lfj| 

•jl^ »> u L; i U VI ^ oa.jp L LjjS: 
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jJLfi . £ jyjajll <xtLu£LuVI jtuilj|Jlj tAjij *11 CijLa.j jkj£ 

0 £ } 

j| ij2 a> jl < UUi l^J a LxJLjlq L^jjSl jalpj jjjijiii a 6 i^ u CiLilSaJI ^ i y > Cul^ 
I Ajlaull ^Jh (jLaj^ll (jl£j — (jaaiac. jjuLjV <Uajk| Cilja <*i V < ^_l-> iQ CoiK 
ij fti.tiCi fin (jodl^ o^ylallf OdV JliLi jl JftC lyjlS t ieuujjJll j "> >1 1 

. dlj £y> Jj£| Vj La j^'i A l>kLU 

J(^ V 1 4 .1 it! ni^LmVI * d t*f all 4 i -fl J» iti *1 ^jll (jajll 

« JutLj . jJlaJI .***'**- C.y° Polynesians ,'iti‘n ljtJi lf> < »»kf. JU&I dll* 
tlL.u jdu JjISk < H^Jjl 4 aIj_a Oaf£ ^jlll I jLjcVI iikVl £_o 

• iJaA ^ya jofrfia jJLJI . Ifl . i . t i J jki 6|ja> jjS| jkUoC (jaa^Ls 


< £Jya J4-» (jjd* mUI i_jyA 4 jla[) 1I <U&1I j^uiljVl <--»Ljm £_Lj 

*ic.'ta 4w Loll 6ii (jl < ^yj(i u^J 4 _jVj <-aJ*iin i.tin 'i ^.lj*i (£j^l A>ja < -wl i <tl I A<lA 

<aLu*a (J^io fio Vj . Lu )ij I aj£1 I uliifu ^-Lxij ajj* ■ *1 £ t—iV f Sj»if (jjj 

, <j4 ^£j ^I|l Ltd ! <rtIj-i.n jjj 4 jLUj i, iirti ja jj^I ^oiuuLII uji> jjijl 


< ji, j A* • • 4ui ^Jlj_a. « Ld Ij l ui[j East Indies CiJyiJI jl^il jjjL jo iiljo 

£ 

4idjJ jiwj {LU 4iLuia lyj(_3*j A >o j A jo LaJjJo jjjj ‘**lj'H Ja~.~. I 

i Z uI SC ( lyuS I t^it j n oL I ift A J^LaLi lyalS r \ ««* iuii .(.ajjyflJl) j^j La liul 

JIja-iaiI Ajjjaj JL-oill ^ (fljU ((yjjJill <iiSjl JaI Ijlli'i »u J5aj 

.JmaU (ja £JyO jla jLS i'haLo \ £ jaj <uljJI J>xi>tllJ^jJI (jLui CUjIaj , , ay jjl 

JLaVI jjic-J jJL*JI <aJij ^yjc. (jJjjajjiyJI jjjLj jjISo < A_ya o L-A < 4aI Jja 

J-O <iuj Jajjjjj <LjalJjj|l <LaLiull hti-tl jj «*llj ^^Jlc AJ^Lcj . l-» la'i. |jjjG ?lt fll I 

. JjLuJf £aA^II 5ij*JI Q-wuolj ijjaJI 


CiSUjll 

• ■idUjLjII <> ivlal >*a^U ixjlj tj£» jJ jUlla 
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jjJJJ . 1— °9> 1I JjlLaJ I j l nVi jjlll J^taLill 6 jjh (_f J-a-| ljll_jj| CuL£ 

LfjUajjj OjLcj I »_Jjiil ^a CuLojjll iljjJaljjJiy I Q^i'i I - 1 *‘*~ < A* *j 0* • 

0 * f 

■ tl lj 4flLAill I II ft j IdjJ^I '*"* ■» i 4-1 y* yill 4Jlsh ^11 L-l yflj 

oKal -wj < St. Patrick dL^pL £_* ITT 4lui ...t l ,-.U .t 

pVjjfc j^l jllj .4_»jLj_j_JI 4JLUI »I * ■*-"■ ■■•! ^*1 ~\ J < jVjU ~iN ^ic (jLxAjll oLcLa-a. 
j-oLij (j uj^ijj jj-oj jla jOL« JjI jj» St. Brendan ^jll ^LlAjII 

jjj < IxJjSjuuI J ^ L m jt t. u j ij i-il i I.L ^La jij . ^JaliLVl jLujL 

. Iy.l7\...i JLui jlajL^ Y• • <ALJL Shetland Islands 

^ i i j . I .aII jjjSlj jl Jn t ^ 1 1 jj-a t .Vjl*t iti jjJk Jduoj Ji jiuIjj Lujj 

* * * 

TV. « Faeroe Islands jl>UII j_=»J V I - .h JJj ^ jjuI j^-jI aS Jlaijj 

J A j jLuJI IjiLLilj jLilj t^lfj Jl I plftj ( Jia JjU lj-Uaji»S 

« IjjLujI (jll J-3 (jjlI^aJI I <jl « W 4lui ^ 

. J^liil jj A, uj£ JL&J.U Ijxajli^ £A* 


J*j ft LiiiljjVl ^lullaVl ,-ft «L * 1 ^x.^11 

j2j . filj ^lluluil ^11 jjl jJj < 3^ oliLiSlkJ 

Ujm Ji&ImII ji^-% i LaI^IxtI Sj^la^uil JJ oLKaJI 

. JLaJI 3° Lo J^j i ^jjjjjJjjVl ^j ftni^mill 4 j La 


^]| J,rt1 SjJj .gjjjjtl ja inVI <luoljjyi) Viking all fL^ ^ 

^Jajj^bu ^ta% ljC^II iflll j^ ill j^jLa ^Luil <* 4luu 3 d L Jj < Latx. To ♦ 

Ijlxoj^ t ljik£juu(j I JjJjjJ ^baljl A j^Jc. F^LtluiVL lj-oli I^IJ % lOjjjJI Ljjjl 

^jJI j^ui^Lui -jI&jVI JILa oj^JJ (j-ali iflj . Ijiljjl i jA ^xAjll jaajJI 4j1^j 
Luu^i jL+tlj ‘■■ i_r^ »» I j^Ljj wl > inil Jl > Lm1Uj>j iiijiai.i 

6^jwLia j^jJI jjj la jC JajuijUll jaall jl^iA.1 l^tllaluil laJjj « jaulLJI 1 u iijj 

• (^“b< j*- (AlJ® 1> jl 

<AV • 4iu jllja. t jty u oUuil Lfl (jSj ^1 jlaj IJ i I i rtj l lj^aki(j 

■ ■*• j * jtj . |jj. a« II Juj V liun Ottar jjjI jft.ii ^iUii^uil jL^ji 
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4 -JLo^ulJI 


aljVl oiLS L»J ijlaaijl y^aljVl J*u <i>»-» 


| 


Sjjj-LaJI <■! .till ^yJI n liil I i_0j-L 1I Jj-a. ijljkJI gt^j JA B < jJjj L_a ^Itj 
i North Cape ^ILuill juijll L1L& 4 ilr JjlL'i Loj j-“j itjljjjiuiVI 

fjayC. Jni jit ^yila jmH <juljll .L jjjtV l SjUll iJLa-til 4 flUia ^ i ai fl l 

Arctic J ■ H ».ill d i.Lall SjSljll jc lj" HJ 1t • • Jajdj iVLaxu iajj V\ , \ 

<ulr»tll 6 jiljil kij^u i r Jjl juju Ijjk jli <a^a ja^kj . Circle 


JLftAll i J^LJI Jiaj (^JLaAII (juljll JA4 La ^Jl ^ijl jaul 
rillj jju « Kola Peninsula Sjjj^ 4 i »ti i LJL^ 4 i n < in La (Jj U ^Jc 

• j^aaN 

•^JLaJill ^juljll VI mi) Ji.i l jif« La ii y kl L * ^ I laijj 

6 fri’ylh. iX.-.VI 4aaaal^All jjC iCaUflll C^l&xJI ^ojul l flfl a) t \ \ ^ 1 4 iin ^1A 

jj-A Cc^aaaJ LjjJU I—a a jLc. aJBj . Svalbard JljUui I Jf Ij «ll~* 

Y*\, *\ jjc jai^ijlj in Ljj& jjliVI ^La'il| , Spitz bergen 

aJA Jaajj . Ija^liSi t 0 • LiLulu <jtLaiall 4 i itiltl tjjljll jc JI i~ij <VI oiti 

■ 1 1 , l*i^ i nV j l^all Jiaj JLajJull ^A jajl ^uoll 4 a In tl I 


Ci^Aj Jju» .i_i_jill jaj JjIjVI 4jlIL o)LkjJ Jjjjiljjj^auyi iilualjitl ^LS 
(jnj milt IjaLSj (JjLill jja. ^11 ^^ liloi^iiijj d’l ■ all Jiaj iJLaiall * J n Jjjl 

(jji <jl LaLi <JaA ja iv aJI jil i a l Ji (£jaljj| jK jll .4aalj tjalluia Jjl 

. IBjJIc jl JB 

upiil Jjj Jli .gj£aAll 6jLa-iit ulijj 4In^a Jjaa j^lill Jt3^ CuK 

•(j^l ijaj . AVI ^L. ^ Ijlliajl Ingolfur Amarson j^uijljjl j ilnjj 

(julliili^iiiVI <iiialjill jlkiuuilfl Ijiaj JB dljj a IjjK ^ti 


■( Ja-yStl jaJI Jji 4i1 £aU(a fj^ii (t) 
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jt "fcll i±Ifj L^. ^jialjf *Jjl Ijilm jjL&ll jja Cul£i ‘-*+ * 4±1LlA fjiiaj 

jji^all ^jfj J^iiii l^llajXujj 

(_K»jVl of^if <jl fjJLI ^jlnt j..aj 4 1 Jlli njl ^jJj-C. (Jl ft it* (JLtjaJI ^aA jjJLc.1 

JjA PjjJI ijjfe < IjJjill JL-lUI JAJ Ij-UJ 1j^ \ Y* ^{jJ^ 4 jjJL(AJ JflVl (J* 
.^jejuLlII <ulfl i ujA Eric Thorvaldsson ^ $ juu jid^l ^!ulc Ijiiuul 
. jaaVI ajjlui i—ium Eric the Red ja&VI cLjjI 4ik ^iki 

J^JUjluI jjAj t 4jX ijl '_■» ■■■ * CiljUti 6jl tiLjjl ^AJ ^Ll ^ 

Jib^t ^ISLo (jAjVl J i rtj dAj ■ a I 1 ^iaaII <—iAjIJ 

^1 \\\... tl ■ IjaajIoSoO* IL^JjjJa ijLiSVIj J-iLaJI 

<ja 6 JjjJ Jil La Ja. ^1 IjJ 6j4j-^ <j| j-g-la L ifl ^JjJlil ^-ijl^JI jJatLuJIj 

■ 6jft*1nia 4 aL i| <ja dt ^"» jjuiialf life (j| tiLjjj (jiaj <^SjjluII Ja.LJI 

^^all AOiJaJI 4jufiij| ^Jl jjjfltwiill ^ii lyJi.Ml ^1| ilhj-jj £a>j <^Ao ^.Lc 
<1 ij-ij^JI <j uuaj ^jtl jiA- vVl j^ill ji ^1 j • Greenland jltu^ ^miL LgJ ^x) 
t \K\ <lui til =k. 1 ilf JfrJ-Lj Jla ^uiVI i-Laj j^I < £-S(jJJ ja J^lj 

^Jcj 'LUL>® ^*-»JI ^Jc. 4ajLa AjAJkLuuil AJJb plhj < AjaaXuia 4Ajfli ii \ 1 Cnu i m l 

III i (jL£ jjj J Iii.f, liJLill jjj-JI jl-AjjVI 4 ft i Aj4j_aJI £jL ^jjO ^£.jll 

^ fll\ tXi.il V • * * 6jjj^tLi 

<jib\ * • • <Jjuu ^flj .ljjaII jaj <£^1 CjLaLi.u^ »<I»^U 6JaI^ iiiu^i O fl>^ >*iil 

Jj^lll <luoljitl ja 4-g j ja-^vV I jil Leif Ericsson uui j La 

. Newfoundland jIIjjj-a j_lj Sjjj^. Luj i^JLajuuII I^jj-aI SjLS 

L|Jc Ij-iiLl 6 jajUjul« pI iVij jjljLj jjJlLii^uiVI 4 i i rt ljilf JL fCjljLu il j 
t^JLjia 1 j*^1 t jj£ ^j^loII i^JlAjaj VinlaiKl Jiliit 

cJ-1* <jl£ jJi .J ih til <LiiL». IjULi <jSu * J'tlij jAj (jiLu-if tju^c (a ficj 

I « »j ^-ik, (jjjll f Skrellings j-aJjj£-«# ^jluI g&Jtfl j l r ^ILl ^Li 

^Jcj . <iLiII IjjaJl J4jll IjjilA ^juIloa ^|jajLLo cjLi LlflM •**? 
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Ja>l u,u JSuuU jK-uj jLS < liA jjA ^£^11 

• iliu^i ^Jt otjMdkl ‘i« t.T'.'vt 1 ^_lt 4il 1.0 a ti 11 

t * * 

iSJ ^Li f-fl^ll uJ-iJI ^ <} * <st tlijl C > 4 y iJJ 

I (_ £ ) **** 4 ‘“|j < juc. ^jI^II £j|^&ll q! i.Lfcjn^l Ljjjjl Black Death o^iyi 

j *" ^jJI lJI (JjL-lI Ijjh j_la jJjj - \V£^ ^.Lc l.r»L,»ilj 1 jj jjj i^nt l 

^A fjA J *fc.n 4 nfl i n CuLSj c^iIhja JjKnut &1 J "hi I ^jLj-cu 


^■A lj^ J iflflll £CXL^fj flti 6 JjL 4^ i-ik SjjjjaJI Cj(} ^ Ij t IaaIj 

• 4c lj,jl I ^ Lla JL"w^.uI ^ Li li.u I mflL I^V I ‘ l 

i J\ {Jju&I j^o I »* '» I^j(£ JAA <jaj 5>*uVI Aj ^Vl 4-kj-L4all CipL& Lcujj 

. 4_i^-ill CiLjlja^JI ^ic, ^i«_L3iiJ i_j-JLi-ul Ijj+ iaj ^aJoaII ^jalaUI £-o lJLi^III I^oidU 
I \ utij <^J&LiLI J 3 VI jjJ 1 ^ uV I ^Jalj_*5i ^ic. ^ in fill jfl x±j »V I jia£ 

<J-0 6>i-AJI.tlL CtMfc it J-3LJ « ^\ * * * 4 ii» •JL)“*'^ «3**~ x (j f ^ * * ■" fl 

. jlliij^ j^Jj-C JLo-ti ^jj-C ujidk J| J^j^j 

i5L>flH pillajj 1 u.a jjJI <ul$JI yi Lijcj 1 4 ^ ** JC.*.« va ij 

.jj-flljVf ^-A ^yjcjrt'vl I oLlLjLiII Cut^ 


SjjjaII oSjjj t J t l n jA jl a lliiil t \ £ \ 0 < 1 xjj ^il^JLfl 

■jaj^ 1 u^ll i_flljJaVl 

IJ ii< ml Cul^ <4AiAaJI ^sulj . ^jSLiaII CjIaLui^xujI jji JaIaII Jjj <4±ll«ll 4ajjjj 

jJlja. 4-Loj ^1 (gj^S I j^t-iljVl liUSaj .tillj JA£. tfj L*j jn«'i»' il ^ 

j\l \i j-a. (jt £a-uj Loj < IjjjjI i_>j-fc <-*15 i3^ ~* " '^~ CiXX S • *“ 

yillj J£ij J-3 jjjil Ujj *->>i^Li 6 Jj^-j-o Jljl V ^->^1jVlj 

.^Vl jAAill ^j| 
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jaui) jliuil 


iaj'vl I Ja 6JjUI LILwlI ^Lfi-^aVl jLujL Lc. 

f iiiiLaII Jbi*\11 ja 4jLuiLuII ^IaaII mIJ** 1 **L? J* ( ^JalllaVl 

LJL^ (j jnlm ll JluaJI ^a.j <2 jSa») .^al^JI Juall jj^auj Arabs ujill 
6 Jj « ill ^Lao^VI tii Jl | ^if. Jd&aJi < Ja-iliJI <11 Luuuijjil ( ji 

Ijliil Jai.-a.~i ^j-allj Lij -a ll .1 yj ^ Jljj V JjjJI jLa^jJI eVjJI I 0 l-*j 

<lLJj <ltl kill tiljj jij Sindbsd tbs Sailor JI «l. r. ...il < X »~*»l 

. The Thousand and One Nights 

^i I «»S^ ^tVl jiil Middle Ages ^Lujll ji ^i j‘ -^11 ■-■iK tillj £«) 

< ^yljji-ll ^all Q~k~i JaJII j« ijiaj SJIAl Cull jij < Uajljiljll iialill j« ^JLJI 

|ijilll <ilii jif i j ~iK « < «.il a 1.». IU. ii « . jjJLi dJj jll 

ji f-ILlJf 6jL j ^ti« j III jLlj < J1 J j i_l Jl <i l 11 1 J* jLl (^jll I jJbJI 

, ^Lajllj <_iSj ( *n « iluiin 

Cullj i ijilc n <a>f ill < j| k iLa JjLaJtl jAi il <ai ii jtnl ull (jaIjaJI Ciill 
. LuLil iijju ulutll j« 6 jj| <Jnntiiill If ui*ll irt> J2l ^ Jjl*U til tjjL 
(j<# <lauuuljj jl l jj-a jl v ij . H JL1. I « k "i ll <-a*J kj-L- kjjj-»JLI Ja> jlu fJ) La <-Li>txy 
t Lulj^JI CiljLull j* Laaaj i t\ <ijla ti|l tlalLu <Lajj Jl < iiijll 

. ■ j*~H — JLauJI tlajl Lajlj 

Jli j£j ila itu> iju^ll QtiglI JU fcil.t.T£l JjI kijAJ jaul <tillj 

• jitif (£jl^II (j^lll jl t^a JjV aLuVl til 

k^« L i A jl (hindsight iluulji JAI l a ioIj jli itj 

6 lj| • ■■»* J| jl&i ( d --■jl*l‘‘*l l <la«)jlli LJLa. 4 j uni La i 11 1 li i <L«jj 

IJltll u JLo-UI ftlaal ^l| jiiiti jl I . 4a^UI Outj h Jf 1 hi* 

J *- r(j J, j tljL+J ^ plj ilei iCilAlahiVI jjll ititfall ^ To!*" 

i jl fjaAJM II Jj/i jit l | 04w«j ^ill i*jll Jfltfj Vj jJll jJUl jl 

< * a 4 1 Jl jioj J_i1 ($1 jl «J^Vl ujlf llljl jl fA^II (J L. jl 

. flUJI tjyiUI 
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— <_>jaJI jLalill ijitif (£jlaJI jjill jil .(jhUX^LU JIj jl* »illj * 

JLuUI £yc. ■*•■-»-I »H tiljiuJI ^jc. oLojl*-o — <_n.i j) aJl j «a 11 < CkjLa- Jjjjll 

t_ul£ (jc. Ijj Jtj Jjj jJ) .^JbjL&jY 4 -Lojj ,~1 » oJ \i i m <4 jmjU'i i ,< 1 AjjV 

. 6 ^ 1 ilI ^yi ^lllrt 

<1^9 jjt cuijtj UjSUu (jJJjjl Jjl u^l <Luajjll jLa.1 Cuj^uj 

jc ■*.' ->■" 1 N NA* 4 lui oljjj . Neckam »«jji^ mV I jl~^ 1 1 ^llx jA 

. <a.}Ut jfl ^ pi i.uLuaVl 4 La^j1I 

HI ..I yl julj Jjl jlc 4al^lutll flihf Ijjuuu Jl.li! - > c^lLall JjK j 

J£ iiuiij jaJI j« tJiull j£LVl jLjjV 6 fl^aj <LajJI 

.^LajJI 44 La. 0*4} yjll Jjjll jj- 4 Cul£) 

Ming * »^l^-ll git Sjjuil ciaj Ijdajjj J)*II f ‘i 1 ■‘■■.-nil jjk <NT*\A 4lu 
iLaJl La ^jc.j ^Jcj << n i hi ,‘hjL A* (j^t-kll tjlj £_L jKm < Dynasty 

JjJ J£ ja Jj^l L$_j| ja ^tjlL 3}J Culi < jl—oj «> JLH^ 1 

«n cuKj <<i_>ilo Ljjjl ■•*•*.!^ ij^- < jKmlL l^il-kjjl Ljjjl 

4 iLin ja 4j*al ill ja Liijj 4jLjj ji^l CuL^ J i<JaJuj <L}j 

^ J^LVI ^LJI l*J jLS,. J^JI 6^JSSIIj J^Vl (jLuJI L$J OILS, <0 A,Vl J* 
4 jj1j cjla^IL ( ‘nlLo jljLIjaoI j>*>->_! JjIS <«JIj Ajilcj ,4iuajj)l ^ l i^~...l 

. 6 jiitl Jt yi ^]LaJI f jk jaj jaau ^1 j* J^all J^loul tjU ^.L.~.... Jjta 

N 1 • Y 4 lui I igJal M-a| gj Irt l (£jll < Yung-Lo j} jyjj J_A jd 

jAj fCheng-ho ^iu jl jjlj J^kul ojli jL^j .jLaJi ^Jlcl jjJu ^Loj 
4l«. V-K - L*® 0 *J^2 I 

■ W* • j ^iAui T*» t | f U.o 

# # » 

Uj Lijjj i>J-a.lj <u^L^u>j jibUlj I j iii/ijjjj ^4 gjjui Jjj&uii jlj 

ifij • UJJ’K ^ f &»JI <> jLcJj , 4_uiajll jK* 

u*l ‘ <Jjaj CliLaA. jjt Jij 5fLtj4 jjlji Jia. tJU^YI 

• (»>^l (j*) jljj «j^a>Vl jsoJf 
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? j^Sn jjc- l» 


O^La-*hl I 4_L«o i^oJ ft jj^Li ^-(_3 < \ 1 Y £. 4 ajlu gjj j^Ja l^)_j-oV I 

^-fl Lajij ^j$Vl S^ill Ifl-jLi (La ^Jj <JL^jo^ ^xlaII <LjIjII <£.L1aII Cx 1 a-^j I 

^Jc L^wAjij l^JLklj ^^aII 4 -Jall -n 4 _i n-b I ^-»^L» <^JLaJI 

,£jjj£h5li 6 jLlA «Lulj 4ijc. 1 j j 

CjjL flj .jJLjJI jjJ 1J3I jcJ-loj ^1 jjJ |jl-i..iuiJI jj-uall Cj»j 1 u ^ i-ii—mil dlijl 

.rd S t a "v II j| , I ftj It (JjiVlj LjI^i.u tJ-flVIj I j-^. 5 ^) i * i s\ I f — <£>*11 jLi-JL 

■ l 5 Lu-u <^]LiJb (jf ^j-irfcJI illlj c-fljJLJ ^ilill Vj ^uuLJI j$j ^-lil ciiOj 
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•jjjjjVL L* ^ i.uj jjAiJI Xo ^1 X * t5Jd>4-®3^^ <-OL*JI (j* p j-?^ : UJJJ^^ (^) 

juj^Li . SlxaJI ajLo^. ti. cjVj-*_o ^Jl L^J^Lajj <j % ini' JI OuiVl jaLuxlo! jjj^Vl j _ » *j j 

jlLl <JLj£x l jj 4*ail 

* i< ■ oLj w i l lj ciLiJjillj cjLjL^JI jijciL^*j c<^-> L^l ciLujJI jjj ^-uj ■ oi j « « (X^ 

. <iC.lj^fl ^kjiaJI pi -fc llniii^n ^jl^Jull 

CiLiVjII IjC Lo ^JIaJI ckj| 4 j [aJLxm jJJJU ^jl( ^Ualll ^jllbul ^LSJI IJ-A Ijk (r) 

. buja ^Lu X/A i^ya ^IJl jj^l ^Jjll jlxjlfill ^jLuu^ ! Jm o/A jIL^b^JI .ftj > J I 

^ ^ c£jL*o lW^j *-J**jt£ ^ ^ 

<|)La (juau^aJ jL^ J tfl-A. . \X*\ • <lui (JjjiJLI I ( \ X^ £ — \ X \ £) jL^ 11^ 

.jjLjV I Cm *i nlj aLijilj jLftJjVL ft J j f J^LaII Ctaft *> ,<] <*a_j«aLc, » j.A.'il -^1 

\VU f UJ fSUVJj iiill ^ toill 

j-w<l . \X£^ JsLyU J^aj .AjV u /*J n li rf^l l -hi I jli : (\XV- — \X\£) £-*■**Lill tjuajl (o) 

4 jIj f^LxVlj 4-ilII ^ , \-y ill <_*-* r i^ LiJL \ Xa - «u*u ft jj-*aIJM <£_>-*-« ^ 

i3i>La u* J L*j j^JIj ij* ■ ■ »'•* ]I jlj -4 j a j mI I jlj ^jJLLa] <1L^j : (NX'X 1 — \Xo £) ^ijLo 

flil .4 i t il j-ua£ «-jj-iil *■ LoLlI LftfjjL^j LjAjjLj l %-yjjk j«~* • oLi 4l_Lj jLxaJ L^j ... 

. JjLJI £2kjil . LI^Uaj jjLi. Js^L) La It 

o(jm <bLu tjLA.j Xta . Jijfl-k < \ XI * Jjiil j>lal^j_ol : X^ — \ X\ £) ^5L2 (V) 

■jOLVl fy* -a . jLjVl 4j>a*J ftlA.j)lj jL*JjVlj ftJ^x. ^ J^Lfl cwini .<1 <^olx. j .iill 

4 L« yja - w i (.^.J ^ Uj-^0 c^y-^jl ^Luj lj iiiS> : S _«>. *H (A) 

VjJ llxa IjL-^liIj Jx^ll (Ij ft I M (julj) CjJjUj] jjjj ^J^LjuJI ^Jc Ij^AjjIj 

Ij&oj . j^Lxll Jj_ 3 iJLiil jlua <IxIj_a 1I ^_o <JLuj oLSiLfcj Ij_Liljl . ‘"‘ju * x) * *» jj-*&) 

tijL^all Ju^lLI (jlt J-i-oJj ftLoA. t^jLaJdl ^ J>0 ftjL.au 

(jJjjjVl ^jULaJI ^Jc LLft Ijftuii . jj^Ualllj M-uoaII jt L> ~h J LuLluiI IjjLLiJ Ij* ■" -"Hj j-vl~l Ij 

^jLtLwi cij^Jjl . (ji-iLij <il« : Ijuji -.J iLI_yj_ujj L^Ua^S I^ -»i 

y L*U>iy CujLejl (jj iiJjajVI lji^u£l . <1^11 £.ljJ(j jl^jVL ijl^l I 

u^ 1 ooi.lj ( ^ j " (XJ 11 ) Jljut lj-.3LiaUL: JU.Li AtJU -^Vl . Jj.ia 
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^■j jljjilli |^ic uji^j .^j ta JLflll ,i*A jljcj djli 4 iLuj|]| jjll cijIjj . (£j^VI 

jljjiililll * . An nUll <±J!j aJiVI !* >ii y aj^JI 4iLjj <La olj cul^ .JjLoj^JI 

lj 4 ajUI jViLl • OjIj 41 1 <iJ*dl IjIjI <j ) I i_ula» ^11 

. ^yi i .■■i l jj tfl* j^aII i (J*| J I H*CI jj -J 4olu^lil ^ Lf Aj^ji.\ Jiu : (*\) 

OljLuaj • Sj l<jj a (jd JLc. ^“i-fc Ciljlw j«tifc £*(^^l jSj < Sjlj^ia A JjLui JJj IthflCd dLa jilUjV 

LuU)jl ^ Ciii^j i OmuLij^II ol^Uil iiixll 

i a t ..» V *dljjl«—jlj . <JL=*jj £jj-» t ~ * i A1 -) 

^LcVl *■*-■ - . iij ilftl.fcu^j OuJltl ^-aVl jlii.1 4ijil |ull ^_ya ^jj Ij <1 . jiaij I .* «*»«tj jljjJI 

(r^ 1 ) 
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^liri j^n 


JSLS (cJLlJI 


0 « 


jSUII (jSj |J iiljjj < jl^JL S^iLill ^ Western Europe iu^All Ljjji oilS 
. IjLuC. 1 (jSVlj jAuaV I rjajl ijlj £-Sl_jll ( ji jJt JjlS < i^la jjXlo fja 

j« imII j A* 1 1 S!■> 11 Ij ft fi ll cj^ll <0^)11 illij < 4_ujJtll L i ) Cul£ 

4 I tl 1)11 {C v ‘ ■■ »• jlkic ^lc < I llln-»)l I_n >jaJI Ijlj J^Lai t.-~l . j « l»"l I jJljJI 

LpAi jj) LffljLajj *Lfl Ifl J I j« jij«IL ^kj i itilI l ji ^iljll 

f 6l^jJLa,l Lu jlljj j^jLo oLlS Lial jUbjCl iij ■! ■■»*! 

iLxuV 4duiU 4 -VI -W 4_u^Jlll Lijjjjl Ciil^ • d i ij ■*!! jl^il ■ »l t^xAjJI 

■lLk-M VI Jaji V Jj>ajlj oljlfJlj jSj-JIS 


_)jJ I Jjjki (JiiJ OilS ifjV i<Ll*JI ‘IflJfLo O-ilS (C > A»I e Lu|j f liuVl jj| Ju 

yplj /~ )j » «■■» !>*LS jll fUajuujii ^ JjJ^II jjjia (jx. v_j_jJLII Jjj-iill fjja 
^Jol^i J^Jo ^^Je, Sj3 jljJp ^'yijSVl (jAuLoaill <LSjjii oil£ «illj {J ic. 5jiLt_j ,£jjll 

|iUl ^IjalI i t ujill elj*JI /m uil.ii *11 


<12^^11 Jifll Jjll 45>a^ (3i^» L“J <ii UfUjill JLu _>!*». .l2j 

I jjlSj . J-iLjll jla^VI ■Lus jJ pfj juiy cLLcujJIj ( Y ),*||jjVL jj^I “7-J 

jAs S_>Sii1 6 j-4 411 —aj jjb (Nfc'l. - \VM) Prince Henry (gjlA 
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ijjJaJI Ljjjjt Jjj JL»jj-jJI ojLS 

Cu Ulj . Jj-uJ I ^it -*• I 4 Ljuli.u 6j ,i „TkV I i A ij u ul flV I 

tjxLa ^.fl l^l^Uluil ^ Lojocj. LiL^f Jl n mi <1Lla ^U*illiV 1 4 ^Ijj JUujatl 

6 j -0 UuLf fjC. 1 < <JLfl! ^11 I Lui^j 4 _ULijuuV I <£LJtI 

<CLlj-u <*nj a ^Jc cJ^Xuil « ^ 0 ^ ^Lc, ^-fl-fl . Li£jj-fl| JLui ejj-a> 

^xaVl ^JLlj cj^ilL UL* ^rtnn LI ^..^SVl a.7.11 U^UI ^jj (Ceuta) 

4_JLj LfljLa-iVI ^JLw LjL^fll ^xVI <<dll.il 4-^j "\5 

Ijl Loj ( L$la> L-Aj^A) h l*iii*i ^Sh cJ^Xi J^l jjj .<C-iA^ju .t JI ,\\Q 11 

4dOjj2 <UaA <JllA Cul£ 4 j| Jjji < Lfrlja. jUjV I ^^aJLI ^j-a 

(gj— Ul (jl muVI £■ UJJ u& (jSj jjJ <jvL c. (jill j—I js LijJl (Jj—a. I J— 3J (j jjijij t il 

■di^ <ji 

(Sagres) ( _ji*jja.Lu <L^.iLaJ] 1 jj£_)-a ^gj-iA jj »Vl i i tn l < ^ 1V * ^Lc. ^a 

(jj-a.^1—all L-fij—a £a>tl I Xb ^ ri irfi lj . JL*jj-iil (jj> (jJj-ill (^JjlaJI ‘-S^UI ^< 1 

jlilil (jL5 ■*«« pi a i a i/l^i (j fl i n il <Ua juijj IaB^sj ,(jj<Wll 

d>l^ i^i <d^$JjJJ 5 A^L^koll ^&Ixuli d)^ <A JL j J ^ ^ J'k^ L (JjLlu} ^1 (3 

j-*a ( Ajjfl-fll ^U-lVL J-filx. djl jJwO&U Jg lM l J . 4 _jL1aJ 0 ^ A “J I 

tillj 1 Henry the Navigator £>UI ^1 a ^1 a Lokcl jl OkL^JI^ ^j6'> o' 

.^JbJI 4lua ^lj ^dll ^jlaiVI 

^LiilaVl Ja.LuJI \ ^Lxj^jU ^kull Jui^j jxoVI jl^ i JAj LaUj 

d > a . I j^fltLui d^° dxi| «LaLuJL jajj 4 m k« CulSj t L-ftj^V 

• t I * * ^.1 *i2 dx>-JLJu^_JI A^L=koII d^LS < ^ £*V* 4 * 111 ££jjJb ^j-oVl 

^aUjVI T* • * oLluI ^jftj^aVl J^LuJ! ^ t*k\a ^ x.L jI 

^j| Ua a 4 al x..ll j M aA. JI-oj J)j4 V jjLS wlllj ^aj <L*jIj IjLajj *XaJ ■ VLa^j 
.(tillj iJ lc. Jjj La if* U^f f-1 ^ cH 1 *k$JI jj^ 
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<yif_)-jVl dj-Ilil Ijjlj (j j jI UuJ_J1 I Jj < ^ £V. ^Lc. J|_jLajj 

A jLa_JI <4aJL AjIjLij . Jj_)-iAll j a. i *1 ■>‘ij (^jll pj^JI tillj lj-Lu<ajj , ^LjJLjjJll 

• <iLub« Ij * li 5 I i N £VX ^Lt J^la-jj 1( jA*JI i Aa j jj $ a t j^jlLijjj]l 

AlLJJ — JjUaiVI ^>aj JIIlM I (jf I Jj_j . I jj Ja . 

. Ja-LJI J^aj »illj 

(jiiji jy-tLc.1 < ^£A^ |wLt <j| A-U < £jjil lal-wa-VI <illj a t-tji.ll jyjljSj 

.SjjAa. La.jD |^J] jjjj i ^iU.1 (jji-A J-tia. < John II ^1111 ,'tv*. JL*jjJI 

j> (pln~t ^yllI itX'i i ill JjjalUlJjjll a_jLa-JI Jj-olj < (jijJI 4 -iLaj_jI jj-® ^Ic. J}la»A 

t_j_jla]l J_aj u-Lty&l (J_a.L_JI I—g_a4 ^yjl 4—Jail I t_ij—ia. Xfl • • 

■ *>° 

j r~> - J I <Lo-a- jkjhyi JiLa. 1 ■ Al l 4 a I a . ~i )_yo_yi (j-o ^ylLjJi (j_ya. _>a^l JJj 

< I tint*. LjLal I^aj) a I a~iV I I j_A JjjSLi V LaJjj . N£AV |»Lt j n aV I ti i ii^ll I 

O Loj !■ a i Jjju Lftij <j£t r^u^LuVI ^ jAIjVL ^oum jl^ 4jV 

Oj-»« ^ o£o - X £ o •) Pedro de Covilhao j( $ La ^ j jjA-u SjLJi .-.^~ j 

• jJc .\ir. j a aV I j*\ ill i-_a_jUI ^Jj ^-i A^^UL 4aAj^II d L-%.11 

lJa»LuJf ^yl| IjjLc j"ki I Jlj Jjuj . J*ij tl ^ylj 4llaa. 4j,ia iii jlg-La^ i ^ j JllA Jj-q j 

Zambesi Li^ 'ia <.,ma.A JaLuJI lli lAuu^I <*•««i L&ijiV II 

. Mozambique ^lutj^u LilLa- Lut < River 

Jjjj (jl «v->l m-fc fLj . Ltilj IjJj-ij JjjijI dlj-A (j-OJ L*J>-ini ^yi jl j I j a j-^ iia 
L^i^aj ^lil L^yia. ^ U Ll I ^ i /> al -lit j— ~i - a j L ^ X £ • • ( jc. I « a . j_il Ajl_5 ^yaj-C. 
(jl l a j »iH tf-a_^a jjc Ajlill ja jt Jxojj « ■Lujillj 4a£jjuJI Jal^uJI ^Jc t *iy lLau ^jJI 

< (5J-J Ii* J Lajj (dJjJ <—« jJLojJai "\£ • . 

ja^Jj lil ^j-iaJI j-ai aX j -A-i <—aLui-o (ylt. Jl o-IJI Ij—4 jjjii V J—5j 

. jla^yi 4-L-al^a 

JjmjI <jL^L-« 5^ jjLt (^jll |wLaJI (juij ^yij « cjjjaJI J_aj jLajVI j/-* ■■■ Ij 

(yj^Ail Ja-I—Jl jyll ( \o• • - Uo.) Bartolomeu DiasjLj ^JjijL ^lill CjJ^ 
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»illj j-xjj < <Li jIaj (ft jVi La >uul ^11 ^iLu aij . I i tij ii 

4 ■■■‘‘ jLj j-a.j <4 t><-il all ■"•([ ~»l Itiicj . I j&j I Jjuu <iio& 4 ai/iI c 4j^aJj 

. Jjl£a (ft 4jjj ^llll SjLiij 4jI <j Cii njl < jau jkLol 

I5j^i jaaji -iJM La <j&a ^yi £-Sj J^. Lull I <jl 

Jlsj i UAA |iL ^ 6 lljll jij iJLull jaj 4^jl Jlj Ju , tlui ixi ^lj 

La JytfLa ‘til l <jl£ — 4~iitiA jJ — ^jllj < J«fc l m il J] 

«lij < ( 3 j-tii-II < 0 _a» (Ja-LuJI Jjjj ^jl Jj ^ 0 ~ 1 ~ II xa (jJjlaJI kLauVI < ja ^L (jl <-.! •>_< 

, da.< 11 p L£I J^aull d Li. <Lq .~.r Lpo 

j^** yl\ ** Ij-i < lj“ijI«^ £. ^. .i »jj iJ&LJI Jjla ^Jc Lflj-ii jjuI j-fij 
jij . Ijjlc. jLaj Sjlill jiji^ll kjjlalL ja 4jU lai’ild jLj (jt£j . JLuall 

— JLuu ^ iinjj tl&t alajVI J&LuJI 1 g j fl dl^u ^yil I iklill j I Ja.j 

julj dU5.II aJ-A j'gJc. jllal jJj .CLlaUJI pLuI <la OcLa ^ill 4ia2iil ^Jk iujlk 

< a >i )-£ j_cij Jl ■ ~j »tl ^Jl jl_c. l~» * 1 * 4 _< Cape of Storms ■ ‘-alj_ail 

Jt_ILuaJI pi_a>jll julj <4_taSjll 6 .) ([I 4 i «ill ~ia 4jaiu*i ^Lill jj—^ J.Jlil 

. the Cape of Good Hope 

(fJkA <JbL»u)j-i.1 Ml (ft <j* J-J^l tf Oj-^ <jl f*J 

O La (t t a rk ijjill ^1 4fc$juiue (fjJ o*»*f ..tial l 4uc.LJI £j_>ll 

. Manuel I J(jVl JU^jLa 4 ac (jal 4 il&j < ^ £^o ^Ic. 

t£jll < (\oT£ — ^ Vasco da Gama LaLa.lj jluli JjVl JjjiLt Juijl 

tgJL nail pLa^jll (julj 

. mAjjL. ch» Jdifc £-uillll ^yi J 44 JI i_L-OJ (jl ^yll Aj^Pdi 

^JLaJI djal J n JLijj_J| a*! Jfl fl . Ij_i| ^ Jkftii (£jll Jl u*a >VLfl i lj£jh^ 

jIjij *^ la~t ij■*-a <Jjj oajJI dlj cul^j • Islamic World I 

<LuaJI ."lj -aIJ I i lia juj |J<! ( jjjj I(II Cljh~> I | *1^ I i4 unit \ ,Xo* , • • • 

jiV JIluVI I^ya I j itt . m I^ V l fLn iJjV I ^L&il . Liuil (j Km lll 4liVlj 

Ij-a^JL (ji I ja i Ul i . i j jJ IfJ (j jLj-k 11 L^_o_j_u»jL (jl La I f~‘.‘^J V‘ “ 
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jiuJI j» JJ2 JJt ^LkLuJ JC.Ij5 jj nt i mC JiLi. jaj < I^aU^ 

. «i« ■ -I■« d.LL.. jt.l‘ii. tjluwll |lI^&| JIajIIj 

jSu |Jj « ji mil »±IL> JLa ^ilj-o ^iA1 JLiij_JI duLS < (jjlJjJI jk.Lill 

j» ^ j) GunpowderjjjLJI jj j\» ./Jl i. a.t. 1^1 jjLi . L^jc. J L b aj La I j « j . <* -J 

^jj « <1 jllll i_jUVl j./liflj jl£ Luilul itlilaJLuil jl jjC. < (ofj ^ill l 

Ji^j jij . <^jJlLI pLjjI jajjLaJU uijlllj LuUjII ItljaJul 

Jl I a oJ^illl <Lj^Jalj^«)fl <jJ Cilj III Ctljll jl ‘l-jjij-ill Ljjjjl jqjL.il I 

j jj~» | jm ll £ Ij-la-l ja Jj>la jaj JaJ» Jlj j£i * tjjillj Jjj-All j41 JLaOiVI 

.aLajlf liitni ^ Ij nJ'Ln uI (£jlf i^ j q> ^J 1 

6ji Jjl — ji --~H ji i o» .AVI iJjjll — JliijJI Ciaiial fjllj 

.jlaill jjc 4 i ^ J af viaj ^ Ij f ■". (j 4illc 

.u^ll ^lUil 

OjUl jljUl JJil < jJLJI S..1 t aj 5 ^ JUj_>JI e LLl jj 

<LLi3 jl a J j i/>~i jiaJ ^jll Xuxjll , qi JJI jb LiijjiV ^jiaJI 

I Li ^ 11 

illljJj jjAjVl jl f'l»— Mqi< Vf pLeiall djjjl ijj-olj-SlI jaj jJLoj 

jot jLajVI <i£ajj Ljjjl ja Ljx. J-fL jl ijjkill Lua-lill jo <= jU ...j ■ .. ■ J l 

• J -a l n . l l Ji/vi jl J-jIill JuaJll 

'Ll jt IjLUU 4ajl&LI a LI f LuLi oUl me jLjVI lii j(£ i^u&ia 

(J* jj-JLi^j-JI .JlJ ja Jljj pj-Lj j? jLuill <£. U»~i.. .l ^ j£j .Jj 
ja iJljLoj .^i-i^Vl Ja.LJI jt jLaJuVI Ij <Lo-JqJlII i . al .£<* ... VI . -.j 

jL£ jli < JJjkll jljial iaajJ JLlA jSL. i<La^JI Jutt XiaJI all JjLi 

. Ijil liusk ja a iLojJI iLitfljj jliaVL 
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I J fl • I 4jl *\ tJ\ ^£j-A Cy^ J I I JJb 

<jl jk.j Xfc * jkLt \ V\ - XV'I) Eratosthenes jjI 

<jL£j < J-£J . I £*,*** In ^jVI Inj -» n 

duL^ I w . i i«V ^jbj-jJuII (J^LjoJI ^ii Lijx. Ljjq^V ^j^JLII J^L-JI ^-flLu*lLl Ijjb 

jiuC <_jiaaLL] I J)Ajlu ^j-0 <JlxAju-u ill ^j£-i jklj .jl^jLS X 0 , * * * 

. aUU iil hj U 6jjb Jl^la ^ ci^ 0 J -0 ^ 


J5l j»J5j I A Jjc J S* Xu l jj^i.CLo (JjL-ajIi JAA <Jlj £aj 

Vl <j 1 c. ^^uaUJI dij-ftll (^Ij-ia. (>tt J_>a_*jl jJ-Sj «(^»jVl ia -J -J . 

i rf-i (jSLkiu ^Jja La ^iAj < i±ll j O* X*\ , • • • ,jfc JjJj ^ 

■->a * ■ ^A> f Lo IJ . 6 J4 d_ifl ^ LS^i IJ *j LljujI I 

W .A~i jfl J %1 „u* til ^^JLkuVI (J^Luilt Irva* <L1 l ^11 ^AjVf <laJc. 

^jna--k ^j-a Jjal ) ftjl> ^ IK** V u —a Lajjjl i> ‘rU-*^ M-?* U* 

| d tfl .a-^M 4 fl I ■ j»M 


iiLuiI.1 AjJb JL Christopher Columbus ^Ilil Loicj 

* \ £- ^ 0 4lioi L-JlkiL f^i^. ^_fl jJj ^dl( ( Ja*^ll (JIj ^Jhj — 4 M*k wJI ^Jb 6j \ i <^ll 
JjLa. - L^i. jLa^VI jj^la iy£- Lu-ul J^ojlL jJa-» <jL£j <jUu (^oHj 

,ialg.l vaa . 1 ^ ^ a j ^jLZlII <(JUlIjjJI iJLLd ^£11 jj l 5—^ >tf 6 jSaII 

jjlt pi J Jrt (J-La^Ll^ IK* . J^A IJ JU J I ^ I . i 11 tjj—c. <U-U.jll {jl 


j <JLajjjll ^ y jjt 4x91^11 <ltlud 4ljJ 4t-vtjAjI ^j_a ■ ~Ifl~tI «^ljjVl ctlli 


■ Ferdinand II of Aragon ^ 5 -^.ljl dtL ^Ulll j_i ^ Isabella I ^ "gClj 

I ^ ilc. ^Ui jjJlII (Sj"v-~tU 4 I 5 JII j^LaL*JI < LSj^Ju jjljI JI 3 -* ^ u*3 

^Lui^j|j jjllij^l Ijx (MAT (dtu (J ic. aj^Lcj. Spain LuLl^I 4 Li 1 I_^ 

4 , 1^5 I ■ ~»l ■...I <ia (j A'w ■ jj-iVl nl 1 nl I jm ~v < Granada 4Joij^c. 

. L.iinij £xX)* 1 *“ 


Ci I j 1 -> ~i| ^ya f^iSill !jf\ » 1 Lo^jjJC.j <aJoAaJI I lilt ml Sj2 ^^Jc- l «).l| filj 

J—SVl ^^Jc. — <j*»J>«J jjl ^LljI^J} jjA . 4-»_>a-JI JLijjjll 
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jj-o 4-f j «L_ilc. 1 .Ajgj , i ■ « *V I 41 1 1 a ^ fjj i ii oLalaC.1 I ft j 1 1 Jaa. 

<la.j £^JajJI ^ <jr.jll ^j-i.il CulKj < J-a- j» j t l ^l ji jj (jfill 

_£KVl Ljj| (~i i*i <-Lo-=Jl 4 -jJ£II i-iJKllI CJjJ-ij . jkjJLjj-a. ^Jc. (J j| i^ II jt-i a. 
jAj • Vo , • • • j jijj M, • * • (jM £jL>-“ jIjJLjj jujLUl 

■ ^LVl «Jt jh* KI L <_>^»1 

Jjij-u 5la .J ■ 111 <*-oj (JkjjjijJjS jjli. « \ t \ V ^ i i Ui -u r I ^ya itJIall 

jj * ■ ■■ » •*- 1 ♦ “ ^ill < Lijl. i i nl jJaljJI ? Li iL I < Palos ^jlL o l . * ». » 

. ^JlijjJI JjJaJI jjjjjuu IjiojlK 

< jLluiVI ^jj| cul^ ^ill * Canary Islands L^LK ^i| j»jI 

I » *> < 4*i (j . n . n . I J-2j . Jj j I I Jj Jaj < j . t a*u i ii i^ya ^pijLuJI ^yfl tiilj J-*JJ 

jjlll < <jjIaJ 1)I j^LijJL * 'I -VI I^ya .Jlj <K*o < <Lljall ) jA ■ 4jak jjLuJLi 

4^.lj jS jjlil JLiiill Ij m J_?Lv jlj . L_yt _jUk-iVI «iIi/-i 1^0 ^ic <Gjc.Lui 

• tffl) J_j-LLsJI ftLajVI Jjji i- tj~ jjill < ^LjjII 

5 i^ut ■ c.ijill ^ 5^.t j> tVii« J^uu Jjicu C»_^kj| < £-uL_ul 6Jc. Jl^jloj 

ftj-a Cilj JJfal.i mj ^ I ft * 4 ^j^jkJLI CjIjI mil . ULu t ini i.u jLuIl jl£ i4.»* \ a 

£.5*511 <jV 5Lxa Joa. jjx .Jlj jjlSij — aiaJj <it<-»Lc. j-LiLoiVI tJlj jjii 

. iuLi^ ^LnL cjiaI^ Lo Ijl y U^.ti ... ■■ijK 

^iQII f U j] ^1 ^I^Vlj ^Lijll ^cyu. f- iS £$ dljjb jSj SJLI 6.1a JljL 

OiK OAijii (_y^ll (jijVlj . 0=»jl I O Oxajjli < \ £ *\ Y ^yi Jjii c. 

jifJI jJI J^aj <iU t » n i n (jL^ j^ill .<l^Al_a i . a 

Lull Jlo ill LkiJI jkj-uVI j-*j < J$i$-II ^jj.1 Lj~iK.ii Jic. ^llol < <_j_2j ii~JI 
fjAj ‘ San Salvador jjjL&Lu. ^jLu. ^ul Sjjj-aJI &ia w*3 ' ^Ltil 
<Uiaall jc. Jj Lkoj .‘La Ll-Vii n l JLul ^jj.VI Jjl jac < ^lj djlall u '* U 1 1 

SjUj .(jaLJI Jaaaa. ^ LI 6JJ-au» j_ii. jkaaVI lift Lj_Jc. jUo] ^1 5 ^'^ 1 ai* j) 

gjjllj Ljalc. (j^LLl Lf Zll cilia t Bahamas ULbL Lt-o ija.lj Ljju c_j j Lo 

Oja* cs3f^?^V* (jLajill jccul j^Jc Watling Island 
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*J-° Jj|V t d ■ ti 1^ 1 ^^aII ^1 iJujAAtjlj^ J^Ia '. nil i. ni < sJ-OJ 

J* .I mi l ^jLa> *i-*-iljll jj-aJI (jLi « Indies 4 ■ »j ■*■!! 11 ^ j cul^ 

. West Indies iujill ji^ 11 Ijjk Ip «l*‘ jikj 

<Gu j-x-il i \ l^T ^jLo <>o joi-c. £JLaJI ^i u'O^jls^ J ^- t 

CuLS <eL»*jVl 4_ili (jjo jja-a-illl j 7 lj.il <-Jj 0 *ijjl J-Li . Ujjjl (ji J^.j j.fl a & 1 

jij jjljjll liA ui JJi\ Cul^ LjLxuil (jl JAC. < ^jJalLlsVl ‘tiTiA.ft JjJ dIjj.n'i 1 

, jJUil ( jjl <aj(aII SjaII CvMtnl 

£ 

N £ o \) Amerigo Vespucci ^jAun.ja LJlkjj 

< Ijfcl \ £^V jJkLc. .^joia-U-u-iA ^5Lij-o| ^ n i i»V ^j-u^UI 0 W — 

* ^iil jj^ll t_j^i2k 4 jjI^ 4aLiA ^|^Llu uflLu^iujV ■*‘V 

J^ltwll ^jl Jft.m ftJaJail ^-i-oljVl ^jl <1 Xu ^mlLjuuaI 4 mnlLij 

L-iP 1 C£*) uW-°jU^ tr^l* * A ^ ue O tf ai 

^ i »" ti i>fl * \ 0 * £ jiklx, 4j(_flj ajjb jhjll <^ajj ISLikui) Jlaj (5 a5jaaJI Ja^JI 
huj,] ^11 Ia^a. L»jjjl <^o <aLuuLI Jjl Jt5 LoJac. «3^ jyy < " jaIjaI JjIa JjU. 

Ltplj^^ii IjaJav LLlc Cul£! ,_ja 1I (jojVI jjIaj < jaj> jl£ Vo , • • * CiJL£ 

^jll jA ilj^JLI oIjIaII tj^J JV\ ijl J jJijiLI jic jj^jll (jLS iu .j»i InA->.A 

. SjaAaII LluiI ^ 1 | JjiAajU jlAA Jj(j-> o (JJa 

MV-) Martin Waldseemuller ^Ijauua<JIj jj3jL> jjb ^111 ^iljjlil jij 
6 Jj.t-aJI 6jUJI (jAjj jlj ftAmjlIj jjijj < ^ ■ ti ~i ij injfl jlu ol(| *%JJ ( N 0 W — 

^jlil jij . LiA^al jl l J ml j| IajjjI U jja. pin Jj i I^aIJa 4-oaLS 6jL5 L^aI ^Ic. 
Ldiu ^jVl 5j—Jl jj_c i^ukUAuuil I. < u ^i America I d ^jann 

. 6JjJa. Sjli 

^jlaIaI <aIj-JI ^Jj . ^4ajIj jLiaj jXJ % *i i n lj ^ajiVI j d 1 i» l Lo jlxj n »j 

pj_aJI jLl ■*•■■ -x < New World JiX&ll ^JLaJI jp fj^ll ^lc <—nl,\ *i ml 

pj^JI ^ic <DLuiJI I^AJaI |> Jill jikl < <aI*UI . LaaaiLa UuijA Jl jj V jlluiJI 

ej_aJI jjlt ^jllalj < I t ml jo J Lrt ij<i dU I tijl ijjX <j| <1 h> ^LfcAill 

. <ajjaaJI I^ajaI ^juiI ^jjlaJI 
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fUajl 


iS L. JljH 4-ijjfl OjJaa. uij . >*■] f { j^t **JJJLXS p tr“ Jaja-o J>a.j U**L)^ 

- \ £ Vo) Vasco Nunez de Balboa IjJL ^ j JjjL j^Li ^LuiVl < i.f i <u «ill JL 

< ^ oN • 41 uj u&j • Panama In*i i LJLa. I p-ilr. ( j I1 -» j La J^Lui ^Jc Lu<j jju , o NV 

I j^4j .(JaljJI (jtn 1 ij uJfcjll t>° l^jjl JiLiJ) ^ O^tjLui ^aui 

IjIcjjj < JLv^ll <Cj&X4 jli < No \Y* jian<ii ja JjVI jJI IjJh jC 

t^^aLaJI ^Aj . Lajj j « . ^ ^J-o iS* U^SJJ^^ O* fJj .Ji.lj]l 

i«Xi LL JjJ^a jit jljlfll ^Ul t nfl'il I j J a> jj tjj ^=wl Ijflliiit j in" \ *m 

^11 11a jjc. <lV South Sea jjfc-JI Ij-aIL 4jJc jiLi . Ini^k a 4j| 

. J&LJI JaAi 

.4_jja 1I IjiiJ £_Sj <iLiaJI 1 ti.uj ^jL« ^ ■»»«.“* (S^J U“° (^-J(j i^Ll£u£I 

Ferdinand Magellan n allljjji JLjujJI joUl 1 o li~wnl 4Ui \ tdt cuKj 

< Liibj-Al JLaA <UjL*Jtl £-0 4_JUlI^j V-H* <j* O? *“ t>^i • 0°'* ~ >£A.) 
^JiaJL A % . At I IjJajj . J^k-jkuJI £ J$lj OjLiil j ^.1 » 4_iu I J$y «j£l 

. LiJ 1 Hm{ ^Jc 4 jUja 4±llj JJLI 

t jj-JLiijJ jj-uJI 4-^—a* 0 ^(—ja < i ui XII ^diflljVl (_>l_al I 

LliLjuuuI j I (_ylj (jiLa-o jLilj ■ (j- JJ iI «I ..SU i_jj*il <$a. O^Lajil <nn~i^l I ^^aljVlj 

LSjji ^J| < ^ l -> ll jjjJ LlujI Ji/-»~ t ,.1 flfl t ji'iCjj ~Vl J*j Lijt i** t ^ fl_m I Ijl 
. LLfl iu-oj t_>Lk^ a‘\ aJJ ijS^UI jjfll £* _>a.llj (jI (j^Lojj 

^Ljjljjlj jjllij_ji jjjl < Charles I JjVl (jJjLlj ja jjjall ^jLluiVI «±lill jl^ 
ijjLajljJI 4-jjjJolj-J-OU (_ y iaL a .ll -tu J3J0Ij-i_oVL ^auu £u^al La (jLcjajuj) 

<*-»J LiLjjjl (3a (jila-a _>aj|j , <Ja.jll <lLi$ ^Ic (_yial,all (_yJjLiu Jilj . ^Luijsll 

^ 0 \ ^ jukjui^l (^fl (3ia-u (yua 

CmI^ (_jjJI (<JLJI JjjljJI) "LujiaJI lSj_yaV (^5_yiil fjlill ifa. (j^L^t jajl 
(jjau _yoa (3^ 1‘iai SjL2]l i_yja joj I allj j-»jj <( 3 jJU:_>JI Sjlill lilt (^5 
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ba j ^UaAjl iL (1)1 4-UaJI ^^ic. Ini-a,l I SjUJI jjc. <1Ajlu JaIi 

Jljj V I JAM ^ ©Y. jjJLjlII j ^jLaJI 'jj oAjLbA jjl Jjil < <_j5JcJI 

. Strait of Msydlsn Ju&t ^I 4Jc Jilu 


J>ia p^jluII jJL (juA^a jJX. LjXljJa (jAnull CiAiti La_jJ ^JjLoJ Jljjnj 

YA . j-u A ll <lLu* Jjfl i ijtl j . juAil f^LajI©YY 

Irtj ra 11 -fc i <il < j^L'X | ft 4 i lr J^ilal (jjjJj-oj i7i t> L*» ^ j jLajVLi f^_oL£ 

.(^jlftl) Pacific Ocean 


llri.ta.a i i * nU\ jl$ JlSlA t JjQ i nil ^Luu V Loj ^Ljll Op L^ ill i±llj ^aj 
4 jjju^JI I <o^jVl Ui^fcJl jujt n i njjl^il >.\i.\ <jlAjH» jjli L®-* J^l I <A 

4 Lo(j i» *<i"j 4 ■ tnl 4_ii^JlIj I* |J^'" * 4 jlujLJI f^A JL^ <j| L —fl Ojlf£ LAj 1 
*H ^Ja-i-«al Ll* OIJI^XaV I L*c*lj f<j^4 <u) J.Tk.t Jjl ^iXjL^li J^lauuiVf 

jA-fJjl ULS^f |» ^-al a U ^ < - i<n-n.i l SjLiij 4x.j-aj J>laJI j» -<A a ^\ 
Sjjijja. ^l Ijil-aj JAA lOjil lilu) ( jic. ^Aj < \ 0 Y N j_>«jLo ^y> jjjijLjJI pLi. Jjl (jij 
ni .1 »i I n i A i_A^X La Jjlj L^i. ijj^k-ilj i iiLaj I lj) In A 'll I tJliAj . Guam jklj-=k 

Juj ^jI .ill ^ /> oLa JLaj . Philippine Islands tlall 

. 1 aI ^.1 I I Cillj OJu^LIa I \ o Y ^ 

'£) *" ***^ I JiTiiQmiII ^Ia-A-ul^j 1 >J A 1I ^j| <1 aaJI ^JLu 4 ^>- q ^LLujuiIj 

■ U^L-taj j5 < < ia.o\ 3^VI ? 6 ~' i ?J 

.uiV 1 I^V^l *iiLll jjc aj^jiJI jriViLJI ^J^.1 oi^La* 

Jjj ^jl i"... «'» aj! t a < Victory ^ a <1 j_a-uuJI c*LaIj^ 

o-b J>-a. ojljj <L>i jL^jVI (\oY"\ - M"\*) Juan Sebastian del Cano ^\S 

I ^»" ^ < ^o YY j i a"i i in j-o ^ullll LijLi_uj| ^J| ojL£> pLi.^11 

. ^laj jitif. <jiLw 


^ I i 11 1 m) d a ^**1 A K jJIjJ JU 5 *- ‘-®Llo (jLuiil Jjl ^jj^SaA <jjAjjJI I~il n-n 

I ^~I^J t In. ■-> ■ u&ji\ JjjiJlJXIi^liI jj| _>-JAAj LLjall ^^A JaAA 0_i*Ti ^Ja 

, J ■ X j*y a. oljlill 4 _iA JjLa In-pa l^J j_ji»jVl J)| LpAjI o^-tal 
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, 1, V <hj i ml ill Jil I < uil^jlall JiLa. J^a-S <lillj ( _yJt SjiLc- 

JSLij ^ Ijl^J jji jjuLill ^Ualajjl < S_)-a lLjVj • LfK (jAjVf J * ‘ “ <j3-»> 

. Lffiji Sjjikjll ciljlii) <L»xijjiII (5* j** *jlj 


l^xLkljjil t Q a <4-i a.^11I Aj-l^IIj gjljJJj ( jfl mi l /*t^- u 1)6 ^ uluLS 4 jI LaJJ 

. laLJjj oiL^j -i*j ujifl t-iuojj CjJj* ^L>* u^- 5 j k J‘« » 

.tl Uj-v «tl 


< j*JL*JI Jl J i i<aLjSJI 4 i^u liif V ^klx JIjuu ^jVl 

jjj-jiil j j.it,c. ^jLJI jjj-iJI ^ mi'l l jj-s i< lSjj oLki^J.1 l^jjLa. <jj.il I 
jjjlf ^IjVl (Ji-o <jl I—ojlj Q j-JJ IjjLfi < J it i f . yl <utl 


■ I j tin'l l 

t_fll>VI ^_fl jjU oj ( jic. 4j_jJ CjLfll iti~4*sl_i ^1 till ji \\ |_JLn~i -vI iJLijb 

ijlta I JA i.iiLJI Inifk 11 <jl j-ic. ‘ jl ^JaaiiaVI l-utTkl I <ja I nul l 11 

<j| Llaijlfil jJ ^oJI lni-k a £Aj LlujIj <j.JJ^J^aVI <ji-iA . ( jii^Aill ^_A JxVI <ja 

tt*£ JjLlJ Lo <£_J^-0 ^-LJ» (JJ-lLo \ AA <CL^-1 JI rifl tj ■ a a.Q aLII LJLL jl£ 

. 4 i< AjVI 6^SJI 4 aI i nfl 


<a*uLi 4_u-OijV I Sj^JI 4aJLi i ** A *fli ^-a.I >11 Ui^_t I 4-v { , ,. A Ljxs-xju-u I Ijlj 


• 4 ^- tfl * Luiul flunLII 4 &Lulo jjJc. ^lajII Ijjb I^ fj|j . 0 ^11 V <Lujili &Llaj 
S^L fl QJI n*\ * Ijf 4 a.L.u. o < <U*ulJl ^Jja £_»^o ^jli^ *1* V* (*JIaA £a^* L)^ 

. jn« n'x'y a Li-<-u! ^jlS <LLnn Lx»j£j ^jLuu <—<6 

* jj5 Ij I \ % t t i jH tj-® ^jl Jj ^L5 < 4_ii ^JljLo jjjSlII Ixa 


LlliS VflBS de , j j J ^jLa-dU#Vl ^^LJLI I^lia t 4\ ... 

Ifil je-t-ajlj < New Guinea ^LjjjIJSjjaaJI Lli£ j ^ j^.} J^a. Torres 

<U_fll^ll ftLII ^ -aI tn Jljj Vj . t ^xiu-LJI cjji-ph 6 jL5 ^Jja u^jsvi^^ 

• 4 J Lojj^i Tires Strait ^uj^j j»■ <*« & yij jJI 
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tilljjk O <1 *■> jj •> ji irt o 4 3 1 fl 1^11 jajVl (jMjJJ JJbl imJ ^lj 

.Sjjjk^o ^jVl klLti j_ia~ > jjjlaj 

jL^ (jjll CiljJI u* jjAJi 4-11 *3 I Jl i ij jll Oj—a « j ii i f . ^jI mi l I 

ij^aJI (.Ul ^l-kll JjjijIj . 4 iimijjjVI f jlc. qjIjLuu 

SjLi djil.l.<-...I ^Laa. (\~Vi o - \ o'W) Anton Van Diemen j>oij jli 

iiiKJ ^ jam'll - \1. V) Abel Janszoon Tasman jjL-L^ /nV ^L*. JJ 

,^4uji)l (jLjjj) 6 JjAsJI Ljuc joljl Aj^iS 

i ^'VY i jukucl ^ i l jA ULa. Batavia LtiljL jl^uu jjlc 

Jit l jJ> ijjja JjA t_iljlall In'll nl j fl itil 6 jjuC J^La. • jl~i'nim Ouj 

i Q.t. iK I jfij , LaIjJ jl 6iaaiiI cLijil 4^Lwa 

I j^L\ o_i<u-u ^Illj 4 Van Diemen's Land j-ajj jli ^J l^Jc jlLl ^Illj 
^a <Lu^ 4^1 I 6jjj^II LajI uiuiu^l jflj . a! Lqjj^j Tasmania 
(JjlA JA 1 d ««6jji^ Aj/^t jJ^Lui Jal jLujli fkLfl < ^£1 jklc ^ (4ulj MJLoa. 
ojI^ I jl La £utJlh£j jl ^L*...» t iilJj ^oj . New holland LaLjji|j 

. 1 ^Ja Ji&i jl ^L*iini j t jj>a. 6iL 4^1 ^I 6J^lj 6 

IjJaj jl j>J jjf-ujjill j* j^>*.1 03-^^“° >^l5 

James ^ tdj£ ^uai&. £^Utl ^JLaaiI^j 4_» 4-ill ^jj <a^JII olnT^lj <d»(jLS 4.J 

.^jjlail » a.»C«...A ^l*if,| jilt i Lojj t Cook 

JasL -*»-* « ^LLluiil jJA d{j^ ^JAj jlaj . I 1^* 11 (j-Q jliLuil 

j* diLcLui j^iaj . <Laj jjaj ijuLi ^JLujjj ^jxl < longitude Jj-Lll 
- NTY^) Christiaan Huygens ji^jA jLlxujjS ^ailjfJI £j2iJ jl 

<5j -LflL^t jSl <cLJI 6J-A jl jjl < \ToT <lu« ^ «ul£iull <£.LluII 
j* Timlin ^jlkijj 4 \V\V <lu« .l^atjCLo <l&Lui ^Ja 0S3II 

OSjll ^ * jAj ^uLi 4 JLa«ij ^Ija^V ijlJj *t 4 nj 4\\y uill Y * ^Jj J itrtt jil^aJI 
jj„ ,a Sj fl >VI ^—jl m AjjL^IL jl—fl J—flj »^ n 1 mi l JL jjJt <—fljj 

JiAflV lj d .1. *1^.11 4-jx.Luu ^jll t ^NVV"\ — John Harrison jjjuujlji 

. \VTo iLui 


56 




jl (WM — j- - *«■ «* ItC...VI ( _u-iiaif i a.<ti i^l (Luul cillj 

CiJIajI ftl ji jjc jl^UI uu^l tfjll JsjJIjIuiVl ^ 

Cti)^<nijJaLijilI Sjj t <» <ul,lc oluj JyljljjJ (JsoaJLI jjt iL^li 

i_>l <ol xij < £ jj al 1 j 8 jalj (jijJtT I iSmj| .i l j ^tt jj ji ( >j l % 

. ^ La la. fj j^uU <kj pljll JjV ijLJi 

jl 4 1 .^«^ll chronometers J *~l *«t I ciULuJI 4Luilji ^lk>i«lj 

Jl N V\A <lu j« kjjj ,o)L&j £iilj l jA JlL jkLS iij < SjL^-oj ^LiLjmLJI ■ ^ ^ * 
Ijol^J JjtLatl JSj jjjjjijaJI I^Jalju J^l 4i*5j <iu^k ^uiji < 4lui 

5jjji Lfil jit Jj£ 1 ^ jlr . ijjjb ^jllj tUljjuial iiu Oajual ^jllj < iiUikll 

. !jlS I fljlf jllril j| 6J^lj S_£u£ 

LLsj jLaiVL ^L2 < NVVo 4lu ^J) \VVY <,i>« j« <i *kj 

fJj , l gj^ajlt <L£)laJI (jajaII Jojki. ^ fJLail Jja. jljj a ^_> « i. ..LJI ^^11 

. 5j^j£ <Luaj| J-y i 

JLk-i Jl jUkaVL jkU « \ WA Jl \VY1 r Lt j- , LULiil J, 

<Ua.j ±*i . LAW JtlA a<L^A j 1 Js£ .A_ajj V <j| . J_. &■ ■ -I «n 

Juk i I j K m il cmVi <£_>jlo Jli < WV^ N £ < StLotl 

• jOW 1 J*°; trUxt* Jji u^j ' (S W* 

^ JjU t l l jlaluil Ja i*k1 1 gill i imVI *GI iiJ$£ Q^Lkj 

jjiljl <il J&jj Jli t l^J <a(Syi j^»j V ^Uikll u .rklLj < ^jSluJJ <alL^ JLa. 4_|L| 

f-* jll <jjSag«ll 6J4A.VI SjlSlI jyA LJIjLu.1 OjI£j . j-kl ma Q« 1.1 I «| - ■ i.i'.lC* 

‘ oU-L-U <LLL» 6jji_i-a jja. Jfc jjUI jSLl dlj a»J , LfALijSI 

. itfj <> jsr 

luaL CiLLu J* jUu <JeilL fAA kf®-. Ja lj iaLII Jl j2j 

oLk-ab JmN J&AS <4a*-i, . IkxijVl J^ll W*«. dJB J&2yj « I jjA 
• j 6 ^“*jlj|l JUjS Xj < J«jVl glku j« /V« 
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JakLiiJI 


cJllA t <ati mil (jSLu Vj ^jSLuJf <=JL*-a jjc. tj-Sfl J^JaLill c±jl^ j] 

JLa^l (^J4 J-5$ TftLajyi IjJb ^jLuijVI ( jj_Af ^wuj-J Lfl—fll.-tu^~i ml v.-J..tA 

. &UjVI IdA i_flj^ja!J j^l i illfj jjc. Jj^ilaJlil 

< OA^l^II J.*^ M j^cw ^Jl Li_jj^| {jF^Llajjo dLlA o 4i=kj Jjlj 

< ^jJjlLujill 1 "**J LoL. Ij 6J lj_)l (^j)t ^JDj-tiJI jL-Jll c]U_A JjlS J-AA 

. j 11 Ji I 6jkuu Ct^i > j tSkj 6 J Lij I I ^Jjil I I j IjlmJL I dl lli j 

CuL£j < Ajl.^’ill IS * Ijll^Aj Luijj-Aj l^liajj Jj-a ($J^\ OajjjjI <JjJ Ci v-C.jj 

c,JU."> jjLS : ^jl 1 t'llfLoj dlLlA cuL£ jJi_$ oljLo si jc. 1 ^. 1 -^ ill * 0 ^ It* 

« ^LJJI jLJLI) L^ulj Ltjjjtf <_JLo-uJI v— flljJaJI (JjVl jLull 

jl oil n ititl lij^-oV ^Jl a lull Ja.LuJI Jj-a. ^iaJI J-^.V I ^LtJLI t_tl Intjj 

• (<^>*11 (jiLojill 

Sir Hug Willoughby ^jjaly ^4 j^ull I jjvjI « ^ooT <lu 

JjJ .% -mil O-fLIaj < »" i t I •« m l) jl- m 11 ■—fl l i t < ^*i j«iV J) S m< £i^L-u 

. y fl <4bui jit jlijl J*4 

\ • • • jllj Jjlj <ii m o jjxjIj <4_JI n itJI 4 i tliSlI SjjIaII ^-J^ly J 

<p l~ii?ill Ju-»8 Jjlj l-Sj^j-uj Ij-vl ~io i<•*I CaSjII Jjl jji*£ (jI Jj-4 jjkj 

Kola Penin- VSjjj». <u ^ * llxe &jLl£ .~i-»-~ ^ iTijim oj^-jj . (jjlt 

f Lloj ^J| Ij_jJoj^Ij < I j aLjj i ill Ljjj-* ^ J^ l .i all Jj-U (j-lc. sula 

. J^JI 4Jjji ■ *« ■ ■■ 1 IjjUj pL jjuII Juki 


^jj1i4jm)I jjc ^ 1 ■ *1 AjLi4 ■"***- * <JLJf 4 i i0i till cJjaAjIj 

ljl\ Vj^ t_jjjsk Ctii Jjiaj iDpj l^JL^ia CiJajlj juaJ — 4lxdl£ <_» j <<ij 


jljilj .<I...U'.I A.ji ^uj^ll tLjjJLI oJaj tilLlaj • White Sea j>j II 

jojajill ~ij-i >u ^>li d »_tA ij* J .IV .VI t>UL>ll 

.(^1) ‘^>11 *iiij 
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fLJj ^ilil jjLc. < \oM <iuu .<ljL=k«j I > A il ^Lij 

Jl <1 iti ^Jl ajjpa^ll t-i irwll 4 it-l Irt l, fl i tl^" <■<! Ij < ( jl_uj_a_uj 4jL_aj ^kljjj i il « l (jailjL 
LjjSj Barents Sea jjpuijLi j^ * * ^tul dLllf Jlji ifj < Lu«jj 
Z em- I >ln i~j Novaya Liti^i JaJu < ■-■L I. ..I I Sjc ijLiu^L jij . <1 

ja'i »"»a ' ■«■ ja L*x*Li j3 jijl (jjSL La; ^1 « Spitzbergen jajj jl n. j lya 


. 4 i min t"uK l^*l^l ( ( *i Q y fl 4 a 1 1 ii 


U* Jum 4-2 «lLa ja Jla jLS < \oS\ — N 0 M p Lj_ii (jij 

P 0 

Jdlxj IjLbJ j <*<£ d 11 “ Ola Lo^i Ja L*.jl i^il 64-A • 4ilSa 

japap < £jjjJI a a bL$la (jaiijJ (jijI-J j»Jj < 4—iajlSil JaLc. . 4—iajLS 

[jiUa pLIu l ai ■Vi (jjj-IJjjl Jjl (jj(^UUJ t (jLaU Jh y iVI j.tif 4-m n-^tl jlx. 

. JlaAtl Lf jua*l 

Lf® i'i»- M« jjV I d* L <jl (jaiij^dJ (j-Jji j i j Ciil j^all i_jc.l » ^ il ili l * -yj 

■ &La_lVI li* Lilu^luiVI Jjd ‘V OCfljjj < ^llmiill jLull *■*- 

^ ■ i Saa jlSi , jpil jUi Jll* jlS * U* >< l ,\ j-mi (_ji (_>u_j_d 4 j I nil L t dlj £-aj 
dli* CuL^ iJJI t l-i.A * pi j i Mill jLS jlj ^la, i jJI JjjJq I fl j ■» . i l .»C*. .. VI 
o^i.1 J^lll Lf -» pIj-ill 6jLaj oils iii . pIj-ill J* 1 «~ Jjjkll u* olilSa 
. d. M ki lijI Jja a Jaaa jialla ^JJ J>lpS$IIj JjVl ^llil ^ 

r > n% j^JI jii Stroganovs ^ «*•■ *JjL -"■« ^*■.■! < \oA\ *»■■. ^a 

(ijj-ujU-^Jlj J J 0 ■■ ^ ^Ijl-ill ■ ; »< a t i M ja) Li I J Li iLa.j p 1^*11 ijLaJi jja SjjaS Sjjj 

■ i3>"^l 4iiL. «S» Mil o^ l«-fcj ^.Liil YertnakTimofievich ^.“a.Sj -.~ dL _y 
< Sibir jt ij i■■ mi cul^j « Urals t JI ><Vl JL& iJ^ia *^l*» dL^i Iji 
. Lull £ya <JS jjJLjJr lixiill jjit Lj m III ^jaiajyi ^luYI ^^ 34 jL^J- 

Cx3 "J 111 fjij P l^-i jLau pLapj 

ijLitl j>a iJjLfl i ) ^Jj Semyon Ivanov Dezhnev ■ <_*jiLiil 

I-SW lij-pii L»4>ii U ... n (jl LuiJLj OC-Uaiual oljiui ja Jil . 4^j. ...VI 


59 



1 mi Jlj—a V Cilirt *%j i^a(£ll Li—wil ^lC OIjJ-o^iiSLII 

IjjJMwij ly ujj ja 4_JLu£ll ^Jalj-tiJI jl jkitsjJI ^ jiij^II J-aiil I JJh j* _ iikjlj 

■ QIj^ajI >^ 11 JA flJjJf uiVV OJaAtl S^jljJI JLili JIu I Ljla. IJj| i ^T1 
• ji (iLJmII Ij-A Lf jjc ^jil mtill jLJLI >,*!<* ^1 dllA Jjl£ 

^lll olil UI^J I mV I j> kt a 4^ u O-jl^ S ^il n «f~ill jl mil ^jC. IjLo jilj 

**Uj . La* Ij^j Loj Ij uj^ li — ujjlaJI 4-Uwj Jjl cuJL&l 

. 4jj l‘m mj I CjVL^. o)(lA Cul^ 

j %■>! ^oJI < £^A ~ Uo) John Cabot oljj-i uJ-^- £}Ltl 

^^Lll . N £^V a *ii.u yi Newfoundland ^J| IjlLuj ja Ij^Lljuu 

JLajlu J^Lui | \ o ♦ \ \ i o * j Gaspar Corte Real JL^ j». *«>La ^JLajj^II 

Jljj V ^jjl jjjl^J ^JLi-jjjJI ^uiVI A *lc l £lta(j t \ 0 • \ <liii yi jlijiijAjjj 
*klj 4 jI.^i it jaJU JLj JaLEllll * *« -••* Op dij < * « 4 *IC1I 

llA _>j-c jjij .<k»>ill <> 6jj i t rt ^ I m n Jil^ujll Aii C^-o J ft ft dllj £-o_j 

■J«VL (jjj jli oli < lj_i» iLtf« Fjw j&j jl «Jlj jl <jl£II 

^UxiJI jLJLI til ilXniiV ialaUA 4ljLu 1 l< U l^ali jjI ^Jb j^i-jiijlll 

jllkij j’iU ijLl Ctxl <li>a jjfu I< \o Y£ £“ iy“ ir^ 1 
<_il A<3-..L fiL5 . (N o YA - N lAo) Giovanni da Verrazano jjljlb 

j|(jA4iVl bjlniiw * 4Afll^fl g'^dt^f'jVl j« Lai 4_JI fli nil IS Ll y V ^jB^mII J a LJI 
jij , Nova Scotia Lujlu lijii Lilia. Lijjill <^ILa^uJI Sj^jjall <j -» ^il «^paJI 
jKj I «H (£Ajr* JiLAa I iintl ?J Miit jll JiLbll JS j n% it |tlj 

. JliU Jmhi i flc. < New York Bay dljjgjp juLLj LJL*. ^ »i »i L> J ^ ..w Jji 

jl-nll jc i^tAall ji J«i V oi <JimII Ylxi V L-jjljlj^ti(JLox.1 

. Nova Scotia Lu|j£w lap i^ia ^jpJI ^1«■ till 
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^1 (NooV - MM) Jacques CartierC^ -0 
£_2j . Nova Soctia L_£j£Lj« Li^ JLa^i i_aJi MM <!«* 

Ijj La ^jc. jij . Belie Isle Jjjjj Jj LIL. ^auijj « j>jIjJj jff Lo 

f Lfll^V I ^Aj ,j..L.,^ | jjlu tail I ^l^kj ji OI Lajj . I nj a J I Ij J ^ J a 4j I 

. Gulf of SL Lawrence jaijjl cuLui LJL^ ^ a * mj Oli ^ j ujjSI I 

. ^jttj uiLJl Vj CuLu £>a*-o 4 jI 

4j| <jJL£&II jjZj\£ <La^ Ci> iAjI JAJ t |^11ajlu jLul-o Jjaj C ut 

lj^-fl tiA&jll ^La jl nfVI ^ iihVl £-o_j . jt jljJ Jj-a VLoji Jjul jl 

&Lla 4j Irvi.r^j vJjijj ^ILaJjl ^LuJLI J±a ^JLlwII jL#jJII i 

^il Ljja 6iXiJ 4 > iLflll 5jj|J| ^ic jALua jIjj-aI dlii ^ Loijj .<julad 

|jllflnill jLall ^jC. dtAjll ^Ja.11 jj-o JaAi JLau^VI lift .<ljldl jL=hoJI 
Martin Forbisher j a lhjI—° (sj j l >' j c^—* (j* 

■ iLa.j 4 III n ~>J jLw iU(j Ouj <JLa igll ILpI |^oU — \ oT o) 

VLoji yulgj nl <aj| .JjjljJ jjll IjUj jjluC luLu I j*«~» ^Icj jiwll WI .-.1,^^^ 

SjjjaJ LJLai (JjjSII SjJ^-aJI jajl tlaii Cilia m ijjL_jaVl jjlTtilinll <juj 

■yjji ^jlLii jl m t Llj ii^ iJ^Vl j^Jc. 6i jj Hjjim jaj <j£l i Baffin Island jiL 
Ipjl iOlJli_ > _ai (>» I j-i-jjj-i jtl I ^ OVA <1 jui !ji iSj-i^a.] 4-U.j 

Ci U j . U . U-J I ijLwlllfl llfjj .vjiAjj ,'p -fl ju w*X .all £,|j . ... - jij .-.*il < 

■ “lajlilj ^ lull jmia Ctl^J jilLjai 

Henry Hud- ^uji >* ^ jjL » j ju ^Jt iJllII <UjUJU cm3j 

< a. I 11 1 j-a j|>£u f-SUaj <l ~>_i a m 4 _*_aj ^'\^ • iijui ■ a.!•■"<! J^jjl , son 

ijjjjA ji" (jiifcU J4 iAu LJU. ^ o IIIJ^ LuLa Ijmji IjLi 
fjlc. JLo_i£]l jLuJ.1 jjSj jj <lS! I Ljla. jXaj *LJ.I jj-a S ^ 

. Hudson Bay jp. n j a jJi LIU. ^«m'i (jAjL aULI ,-.~.K .j pl L VT ~ 

(jr^ ^ N*\\ • f I ~ i « cbLa. j | M il <iui yl jmj ft ■« ■■■ oXaaj 

LJUl j^a-UJ tfki* yjj , gJill ^ £llalll 

<l—lj-a 4>aaa »jtj OjUJI J-uii Lajitj . (JjVl Jill 
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<JLa>j 4a-±tjnf 4jjlj jA 6j l» ■> JUJ . jjkl (jui “t-a-sl-ln < <_fiL luSLuiVI 

J a- ^ . ~i j , ^JJ IjjLcj i-ulj-fll CiljLilIJ <La_a.j Q->~ (jj i f»l"> 1.1 

• 0*0 Ch°J 

\ o iAj William Baffin ^LJj ji ^ilaul l^uiSIuiI < \*\ \ o <1 uj 

jij < iiilAdm ^jIIJ jtL Sjjja <JLil^11 6 LJLI ^ \*ITY — 

6jjja Jl A.*ti j^aJi ^Jl <jllu Oij . Baffin Bay ^aL **!*>•« LJL=b. 

<_uLa C»ljA4 U^jju . I Aflm JaaAj ^1 4 a . *^11 Jjtl J>t I 4 jtL 

. jltj <a!ac. 

jLui 4 jLo^i ji£. Ij l , i ii n ^jill ^J1 e\ itill jl i ill.I (jf p i,*aiI iJUj 

• ^A^uill jlLauJI jLutl 

La— >1 i i .u I ^J!j-a>f OjlJ-AJ j J fl -A . 4 fl i fl -*[ I ^yA ^ i O^jii (Jlj 

I $vCju <Jjj ^ij . ol (j I j^xTk*> Ij_^jlj ^|» Lajoll JLijj-Jlj 

^jii.t*>I^JIj J i I <jI 4-*J» SljJl 4 fl \ 5 "hllj . 4 —oLj 4jj * Li^ll jji * ^ <l)l Jj( 
, jJUfl 4j^ull ^ * L&ILa. 1 * j -««« LaiA jlj^laj 
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6j4aJI ftjjk ciLaILaJL f ^SaAaII 

(^1^1) dULJLi (X) 

• lAu -' 10 * jl>?*- jj-® ULiji ij* J^»j . jjljj jUwj : (\ VV^ — WYA) *Jj£ u* *}^ (^) 
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dJLUl J,r> LSI 


^t. UZ ?lj JjbLK 

AjlLtdutll 

^JLo-uJI jLuJlIj is^~) 1 **^ o i hI I jLujII ^ 1 ^.1 ^ il l p i q 11 u l j 

i . al .?.<* ...VI ijl.il ^ jaI IJ-iVI kji-U |jL(£il i - < i t i ^~i m l ,jl J-*JJ 

jJLliU ^jr. IjLod i Uj^u — 4_i jljjf I — tli-kl I ^upo(j < O^ul j5 4 jmj i ^ll 

S oljiJI iJ^Ij 

fjl Q <J I (j-o-fl < j-fl l u ll Jj-o <_ i *.fa n l < Pjj-iIi (JS ^jC.j < j-L-JI <jli 

Xa-jJ V Jjj_a. t (Ja-aJL ^jLi j-ai jjkj) 4 jj-JI ( j l n lj tl (jijjt-a — o (j Km XajJ 

i ^ '*^‘"‘1 Jj^LAaj ^j,i 4 iti^I-Iiil 1 jl p^ll jl^i <—111nlI (Jlii/^ . jla. til ^4 jl^ui 

. 4-li^.l-lJI ^Jaliil 1 , fl l «■ j, l (J^f^juill 

iiZjljLtll ^ya 4 jl^ljfl Ria l 'll I )_fll iti^j i ill 11 fl fl iijl.1^ C)^-* I ij^i 

(jA» t C*» , fl j ^j-ill 4 I f .jJI OjL^J . ^j-talj itill ^J| Jjij-ill 4_*_i_i_i t oVI -Jl jAji 

1 ,^* ‘ 4 - 51 -illj jJaLaJll ^j-o ^jcjll ^^Jc. « I—oJ _3 JiljVl i at I 

■ V < jfj 1 ^ 1 '* ' ** p IjjKl pl_yp^i ^fl Lfl^ yi.< j( jjSai ^ iiii jl IjjljL^ ■ ■!-.. «i Ctljl i A 

• 1 JlJAi (J Si i t a 4 ajj5 oVLv 1. i.tflil Ijjh ■*••1^ < Ljka Ijjh (jl^ 

^ill < (NoYN - MV) Juan Ponce de Leon ^ jjlj^^a-il 

lt* ^jlLoJJI aLa^VI ^Jj <Puerto Rico jSjj J** Jjoi^ll SjLaJ ^ Ja*j 

Sjli 4 fl l nia ^Jl J-naj XRj • .U u .l l Juj-a ,j£ i i 0 iY ^jLo ^ ttJLj]) 

'- '.'"'j ( ) Florida l x i» k l j j lc . JjiLlj < <*-1 a ll ajl £. JiLk 4_JLn.it II ISL^-ol 

• u - ji^l u^j jllj . jA^ilj jiAkll Lkj^Jka 
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\ t Ao) Hernando Cortes 4 ^iJjj J\ SjbJ J Lka. JSVl < 3 ^ 

4 1 l.lnl < II*S l I Jl 1 ifl ^ j fl Lj^ jj-O ^ 0 \ ^ <lu> jjlj-J J jll I ( \ 0 1Y — 

AzteC dt'jVI fljl ioJ aj j i<^LI liLoJLU4i ^ikfldui Aj mi r *fcl 

LJLa. ^ n j.jit ^jJI jJjl J) Tenochtitlan o-.*aLcj civilization 

Ij JU.jlf j* J-Jj jj£ “L-uj^Si <.ivia» jL£ . (Mexico City ^1 lu< 

Jill uAi 4 dLy^-^-ll <*.« **H (3*ttill i_sVl 

< < < n xi g*i .njlfl jij Vi iti n tJjjVl (jL£ < kill 3 (3-° JiSiVlj .J-ufi y& litajVl LAjj 

. jLuiiil 3 ^ ^ ijflll ^uuljll »| ■ I»■ I * iki.it 

jLuLLuilj kitjVl fljl < A~k jjt nSt jkJilS-oL y\ (jLu-uVI JAJ <k_SjJ»ll a jjh Jla 

il Vij (3^* ■ 4-ojl 4 Ij <jj, 1 -yi jX^-jJbj Jc p5LljjjjV|j jo. -J l jJ^JI 

^jaJ (3»(3'- u "^I (3Lt ^ i<ilA <jxLiVl kilJj JbuVl ajj> i_jISjjV j i< i>All y* 3-^-j 
. ij j l A JUull (jjJLk. O /J ' M ^ l JfC 3hf Jt Xli 


Jjjj ^ Li -kj J&LJl aIA^jmiI /iSv ^kJ S tu J-ualj < 5JLUI pljimll ( jXj 

Baja La^Li LJLa. ^.tui Jill SjjJJI 4u*.u ija i tu j-aLJu^ . k_jbjJI ,3-° 

. ,;L^ill I ye. I^ I ■ /-ii~i jjlI (LJJJ& gul^ aLJLI u«j < (jLmll) LujJJl£ 


(Jl njtill u* J-Xj| 4jLuiI jll Mi^iii ill Jat 1V1 JJ i.*! i m^l I ^jQ ^Laj 

Panfilo de Narvaes JiiiL . i.t.<~,..l ..^jll y* s^y* ye. ,ii-nll <L*»IJ 

Jl <Aal L j j y AjJL^ wjjc i'Iuji^ I gtl-w y& <JL&jJull ^Jal^ull ^ \ o YA — N £ A* ^ 
vJLlAj. Ja.LuJI Jl 6jj-*il JjLtiJJ iS*u yi 4_Jc. ^3^5 j ■%j jJj . j^LJI J^.Ij 

— p ® 

.<iu^(c. pLul <Lj^J r^LuullI j4Cr jfh u 

j_m jUJl AjLjuJft ■‘*"«^** tlLfl JjA i 1 ^-1^ ft fth 11 XJJ 

< (NooV - MV) Alvar Nunez Cabezade VacateU 1 ^ 1 $ 

4k<uiljj ^jui| <jjlu Ll^l I *1 \ ^.a 11 Ij^L^ Jlaj j..l ■ "Y** Lll& i ijy jl 4 aUitl 
J Jj_ui j*\j ui^d Jl Ijj 4, ,-%jIj uj— jJI 4jLfjil J ^1 hjml 4j^l < j^-aJI JjJI 

. \oY“\ <lu. 
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jLtki > a<<jlj_oLi_o jt <julj I— m i<i . t Ij j^ l ^ jLc. jjl Jj 

.JLaaill !ji <jialill eljill o It Li | £JJJ iSjJjZU 

^ 4jj|j d Ki^ al *jl ia->i jLtjllj ojj ^ i H JaJ ti n a ‘ Ij-i l » *< * a >jllj l-ly 

... i ■ t~.~. I i a a ..*J j*u.i SjJLJ itllj Jii i q yju Inca Of P© rO IfLVf 6jLd^ 

... Jbl ^ ij .JJ.* N 0 Y\ <Luu(No£N - UV.) Francisco Pizarro 

. Lfj ^12 ^1 JLtVl jjS 

,jL_i ^jlf i (^oiT - \o* • ) Hernandode Soto jjj—u jj jt 

• liiij j^u jt LJtfkj (Jl n iti 6jL2 jjJI JjljoJ JJLj ^Lil J»jll 

\ oY^ jj(— a ^ya fjjj li ally <_>u-aL_aJI ^ IjjjjliJ Ja. 1 «n tl J—*J 

4-iJc. J)llr»l La _)_!£. jiLuJ < JaljJI ^a‘i < jl^ja. LuLaj Ja.j <jI nmna 

■ aJ->~ill oLVjil i—ijjall Lila 

mii mijI I j-fi ,'yL Mqn l Jjl jutl «NoM ^ujd NA jjij 

< ^ iii'ill <*i_ij n cjjjaa J1 i «l 4 i iJu uu ^Jc. Luj ^jJI i Mississippi River 
* 

^->1 Lj^-c. ci j ^ tlj 3-L-aJl cjj-lc£ . Memphis > « *»* * LJLa. iijjjtil 

* * * 

TN fjjc. IjaXa^ ^ j 1 i LlAJ IjJ^j . Lj^jl^ 

«u iij jI I IjLaj ^jll Ofl^ll ^aiblLi I^jLLo C*La t N OlY ^jLo 

't * 1 ^ fl f4r* vjlf- 5 c^y * u* Sb-** J 4>* J j csd^i 

. I ^Jj jjfjilt _^jjl 

^ajuuJ La »n Lai, j i»| d L-v JllA cul^ t LujSj <Lal^La a j~> a ^ij 

Franciscogj La i^ jjlLuLa j^unwl^a ajLL a »t I .—.I .V^j| ^_ , j£, j t-v L1L. 

o Lilia. jjJj LAjI jjS ^aI . h I ol« . (\ool — \ o \ ^ Vasques de Coronado 
ol. a l_.ul JcjlIL <JLajj Jji jkLfl .\oiYj Noi - . .1 jjjj La Soil I LiLi 

j^k*JI jjiiVl Lt^Lij oifAJUJ* Jj5 ^Lui: Ja OluiLSl 

. La j Ijaaj |J Laj] , Grand Canyon 

Lf* SjjAaJI tr* <‘h> a*IuJLI jkLSj 

‘- i ^d ^ Wjd Ujjil Mt^aal.alU 1 jLLt ^jLJI jyill 
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fjjb£ (jjjJ I i'i»Uiii iill 1 j J I f jlj -Ai ^JLtt-C .1 jjl Jjj .SjjLaJLI I ^atilin i_al itifili nL» 

<Lfllull 'ji CuLm _j-fj Ja.Lui (J 5 I 0 jjJt (jjj i’lm n CiBjll JjLjJljj Y 

. Canada ljjS3 LJU. <3*^1 
& ill (N*UT 0 - N o*\V ) Samuel de Champlain J iti 

^li 4ijuiila < 4-JLJI <jjloJI j**!*! <* Ajiaj 1 W A 4luj iliujSkll j»‘»l 

Georgian 1 q ^ - t I ^-il^JI ^1| Jxaj < 0 4 lu <L^Ja >j* ■ ■■ ■ 

J^au J$1 <jl£ Aij . Lake Huron ,‘n » * Sj 1 -> it JxLoYI jJkj < Bay 

. Great Lakes ^-1^-11 ol 

^Lul j-^l Y — \ o^A) Jean Nicolt cJj^ »'i j »<• < N*\11T J ■■■■ ^ 

V>*^ c > 11 '“J d***i JLjl <j^3 ‘L )~y 1 "J UJ>* (jjjiaLi 

IjjLS ^311 j^cjduull ,'n i itull < « yj . American Middle West J&ujll 

, 4 jrw.u a t, I ^Jl in 

- N'WV) Jacques Maruette cu>£_>L» j^U- jJ>j .»tl.l x^J £jj, 

jj)2 (NV* • — Louis Jolliet cojI^ plji jjLd <juj ^*\Vo 

j ^»J < iiU3 £J> 1 I Cilj-uullj . I yjalll cJ_) 1 -fc ill Uj£ jt 

* 

jJJ j ^>11 Ij-A jLi IjI—a . oil iii gjl^ ja Ij ^ * I 0 \H Jj—i-^^ll 

(£jl £jLfi iJlldLull 1%^! JJC ^|Lb JAA tJllA ^ 1 All IlLJI 

■ ^^*11 Cilj4aJI UfJ j4*-ai 

kjll <j| Jjui (£311 <>4311 (jll ^Luaj , \*WT j-ijj-; W 
4j| y ^u3ljll jj-o ciL Soil lilt < j~ »j 1'^ \ \ •. iildul i.ii/»I I jiki &j * iTij 

.liliia^U jji i_ii^» 1 

j_fi (>"\AV - \ ~V IT) Robert Caveier Jl__ V 3 ^ j . j let ^ o^jjj gjLjj 

. \"\AT <*.... ._••*.^ 


(£j jkjJu 4_ajl ij ,iaf. ^—a 1311 jjijjJI Cil Cil nfelj 

ft j j ^ Lj_c. (WH - N"\Ao) Pierre Gaultier de La Verendrye _■ • i 

yi - i\j - -Jl J>i ~Hj Lake Winnipeg gijj Sj _■ ->j 1 Lake Superior 


68 



Cjj1L» Jj—jj —taj LoJk <jlj—al jjl J ^jl 8 >t i *v~i iu. n J—. L^£lj 

. Rocky Mountains JLa IjaaLaj Colorado jjlj^lji b 

. .. «l I ^jlj I fl ft i LuujJ CulUo <C*Ljl in^m VI 6 J 0 I 4 a i i i j 

•LaI^JI i_ij-all Jjfcj < W*\Y 4auj ^yt i iirtilL ^ fthftll LjLLu^j CijLij 

<> cJl^ % I * ,tf 6 J-^-lll O^jll |jJI ^jiyi f ji «* KLa ■"< Ifl ti I JJ|j . ^_L^iiJj_&j I 

t ii^iill S.ijk’ilI oli^jll Ojititil \A*T 4lui i WAT 4\i» ^ L^blilul 

Thomas Jcf - ^uLajj jjh oLiVyi ^uuj 

•iij • l.|jlr Jm*\ ^Ull <uiLiil« il iti^lniV Iritv^j « ^\AT*\ — W£TJ ferson 
Jj}L£ (\A«^ - WV£) Meriwether Lewis ^ujjI 4_^ ^11 J£jl 

^ OiLu ja J 1U514-La.sw olji *xij . (^ AT A - \ VV * J William Clark 

t^! * u$JU U-J-fJ * o.» JU .‘ 1 11 jt l J-j-j £jllft Lj 1 T» j « \A- 1 jjLo N £ 

fu . (jjaJI dlj ^ Sljj <juL jJ ^1 « Oregon Territory '^n a-m l 3-t.ia.* 

. \ A• 0 \ 0 ^ 6)Laj (jjlI i^j ii ml ill lnj-kl1 I ■ I J« »T. 

^ Lj*fc1 1 fti V% i li L»lLa ■'■ > La 4j >j 4 lakj [ lt t_i I « I aJ 

. 64>*il fj (^jlfil) 

Alexan- ja1u£1| JaI£ ^2j j& ^J^lull JajJI ,jLi Jla <j1 ^Icj 

< Iaj£ j ■> ! ^ «> jAj t 6^_tt Jjj (NAT. - Woo) der Mackenzie 

yi ^la tjjliSL _>f1 Ula. «uk jJkj L jjIIj ‘OjJIj Lila (_»jju Lkii 

'mr;ii u . tf i,. wa^si^^u^i^^i wi 

. British Columbia bilkjjJI La-jI^. Lila ^ ^1 <ik4l ^SA^LII 


Ulljluiij AjjjjaJI l%>ti Jib 

^ii^b tJlaiil Jalj.uJI oljft.-,,.., ^UauVI bill jj AJU 

. bS^ftill <JLft-ill oIj m'i... ,-jyllJu^1 Liii (ji ajuj < bi^ill 

< U«jVlj JuaaIIj ^j* 1 i> liaj 6 jaj|S iiLft JilJI jai JipJL 1^.15 
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iniini Ijj L^j ^LS ylll Cuktll 4 ifll nV 1 ci^L&jll cut Si 

<xLol^ (y^-a jLS ^jJI « (Nol*\- U^.) FranciscodeOrellana LVjjl 

« K-iVl pKIlaa Jjui <ajal 3 II ^ 1 rtIjVI <_fll MI^ 1 in^f A L% jjlju jli . j^u Cijc ^all 

jIj-oJLojV I <1 (J^-uuVl £ya j)La j * l i t IJ j 1 S j-$j £-aLa* liNfjjl Jxa»j Lajicj 

Jii ^a I j a La jjQ j,L£ jllI t ^Jj^l Jl 4 l< ul i n j if jc < _ >1 it i Si j gVI 

. .j yjjl <lU.J 


ftlajl 4*il a-k ^4 j a~iial « \olT jniinif I \oM Ijlui Jj > 1 1 

*^'* 11 ^ j^a jJLJI jjSVl j^JI ,J««j J& jjJj jj uj < iijLall ja < _^_JI 
-1 • ■■■II 1 C 1 Lijf*|LoVl 4 1 itnj .pi mill I J a f~jAI ^Jl JlLill jl jS^J ,4jklu 
^Juj. Amazon River t *i 4 j LaV I j^jj j^jll ^amj < oLjcVI jaLLuVl ji c<LjUII 


Ciij£ '** • 4jjlS <illai CuLS <1 A-rtJI aji jjl Jjj i /iaj LaVI <Lulj <l«~k LVjjl 

. 4li{jS'iiiil (£.111 L.ii/'a ja ujSlL Wjjl Cilaj jjixoll 

^4 I J d ^ i~*t» jl Lial iml ii i ^i OjIjpSji iiVI LiVjjl 4jaj ja ^£jil ^Jc 

Iji <LuaLa.j 1 ^jLjl^jll J *k la n il Jlajjxil ,'ia lta»jjuill JjLul JjU . i'i aj LoVI (£jlj 

I * a [aj lajjlJI l^i^al * ^uadl <jL^-all . ujall ja i jljL jLa iiiua 

. JjjljJI jj-a Ipja. 1^ K ( j a j LaV I <lkla 


jj***-H Ja-LlJI Ql iii'i tjjaS Cilalajiiaa Lai (a. < LI I ^4j 

Jjl jlSj . N VAA ilui ) jj J j in Om i»G £ u - -» . ijLj djLu jjj jjji j i ii ll 

jV^xo ,)■ »« H jjLSj — LI 5r oIlxA l^jlij jjj.il I pi lAi jiiII jj-o A flL'i all jjJj-a. 1^ a 

. (jjtjiall.1 jjJjA-4-U oil j -Uuj < jjjajaJU 4iLuoVL jjJJxuLxui pliauui 


(NAVY - \V\T) William Charles Wentworth ^lljJLiy jL^i ^LuLj ]jj 

•UiljJI a «I t-^l l Jau)LuJI jjc N ANY a.... a a * j la jia jj < 4 jJ^Ij 1I ( _jLLill i_iLuSluil 
Charles Sturt o^ a m ^juljLw uiaLiSlj . j * » ujx * ajIjS N • • , i j > ^It 
g^jlj Oilj j^L jjl) Darling River g^jlj j-*i (NA'W - W<\o) 

. a jpH £-JJJ jij i (<i jJj C a S jjjljlj 4aji (^jll < jly tiijLai jail ^IaJI 
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N - \A\o) Edward John Eyre _,jI Jy—a. JjIjjI —u>l 

^Jn~i i .11 jiJ «G5CI i^.i <ic ^ i iil~iM Jj j£ll CiLjIjJUjI JjIjI LiiI j 11 u( ^2j-Ju ■ »«*>! I 

■ OjlJJjji <U jvls Lui J&l Sjlill J* cr ia-—oll (jJ] 

qIjJ 1*1 «n Jl^liLo d uV I oLXoX Cij^J • u p^Laj J-At| 

Cfllull jjJj J^-us^li ciVjLx-a -~r**■ 1 jxLfl j-flj i NA\A^ John McDousll 

6jLlll jlJJJU 6j-UwV|j 4_uujLuJI jxLfl Jlj Jjlx t \A"l* <JU_U Lui^ll 

. JI mIiI I ^Jj t^AaJ I 4_il IJLu*V I 


UJib 


Ji-aj ^pi l ft i *l l (jSjlli ^ obLi^Vl it* rfc* b fljj-fll 

Ipjx* <^Lc < Uii^il Jl a m mj .^JLaJI 

^JLlJI (jx Ifj-aj <Vj| 4-uL ttjj ll *»U jJ^jJI 4 al a *yj 

^-JjLajL^II L > A jj-fll Jl A fc t i \r > £_L La Jifl t lift ^j-a . Jlj JJU ^o^LuiVI 

. I I I JL 


t> Lf-alj^i * Ha ^ ^nJI ^ Sahara Desert pIjx^ucJIj 

Jj^j CuL£ I ftft ft LaLaj uAJuiLuul I jkLal LIjLc J* n\ <Jf^L2ll p^Lill 


^ylLu 


Ja.|^_M, Jj_* ( _ r L^ — Lsj_>_»—o ^jiijjVl J^-LwJI <£>(11 (£jiA {yij £y>j 

^iallll j-i.1 LfJJ^-fll c- .i Jfl (jL^ • li* (j-o jv£._>ll ,_jJcj . L-Jlj ~» m l jl Liij^al 

L^LukS .< -> - ^ .Lj ijji ai L^JLiiiLuul 3'^...11 

^ 1 * ^LiLJI tilt l^j K i n j i o cjIj itir^ ^ 1 ciiLjjj cul£ 

.pIj^juJI Sjlalf LLjil j^a 

t Jlill Jjxu- (jJc . LiyiV JiJLI ^ gjAJlj oilSj 

^jilf pjiill <>» Ja-UJI Lujc. gji. , j.rtj jll Niger River^ull 

(JU^^ oj>a C uA .oj . ^Lxiijii ^Luj I^L»_LjJV 

• LfilSSj <U <-LisJ.I j^iljVl cJkj <LLj <^au> jtwal 
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— \ VV N ) Mungo Park alj(_» ^ j— a j -vj'i I t ^ —jjujI l a .la^u.im J[j] jjIS 

( J -k I iu t l jjJt 1. _»i « La. j—(jj j—» i <1 < W^V <.1 -i ij \V\o <i'i <n (NA»*\ 

ULx Uo« (jitVl I j* 3“ f-* ‘ ejjill txfjitl 

* 

• <*JjI S^oj 4-a-aAj (jj _>Loj}f L S__>a a j-o lill ^11 4A-a_Jo J^aij <i^a J*i . ^ILu 

<il^_lll tj ^ .i T il <u*jjl Sal Jo till I ^a^j (ji <_jjjJI 4W hi < I j * pL-jj] 

NA* 0 4luj ijA «LiLaI iu^i i ill jLlua 4.iUa"al <Lfjlaua ,^aoil c^aj jl£ 

« Iaj _ » ^ Ji LJLaa ^aii j ^ylJI <*laill f jA idjL 4-C.I a -y. <_SjLflVl ^-ol A a a fl . <L_jj(ii 

■4*^ ibh 

a*iQ J^ JoJ AjLa Q-"k*i 4oil iti^i inl 4 aUo, oliptj 

t>> <i a 0 .11 otaj . Lj j ^ j‘i J1 a Hi j^Jj (NAYV — WAA) Hugh Clapperton 

p IjOjuJI ^jC Ljio \ I lj ( N AY Y 4xua Jsiijill jaoll Jolu jjJt 4lil^11 jiiLl^b 
(jSJ a <JjLoj Jilj-4 IoiLojll 6a_A Jlu ; 'i»a»Sj i_jj*JIj JjauJI (jlSj .(£_>j£II 
• uJ^ao-o ,'i»i 4 tn l (JasJI la^j Lg-a* ^jkt ,^lll ^jVl S^ll (J Jt 6a* cuK 


C5J-* 4-C.J-a^o—o Jjl japjJ^L^ 4—C.J—o_o_o Culi < N AYY <Llua Jjljl 

CbsLi ^-iJI S ^k.^i f I Ca-ilfaj . La ji -% ii {_yA ^Jla itaH JjSjJI ^4 a J Lta*i ij ioj 

Vj j ft la* J^ JJij a < I iAULI h m ill ^Ij^-uJI UIJ 1 aaall p Ll j^ Jal y-AA I L^o 

4 _ J ljL)J al — C.J a LajJ via JL—li t'ij j l Aita^i aulj . I (jASkj^aail <1 a.»~llL 

LajJ ^ j'l (jJI 4 ajI!i < j 4 a ti^ 4ln-» ^4 idjLii idjL Jaa <jLi a alUj J_oj . 4_ij a?a^ 

• t#A>U 


Richard Lemon Lander jj?i jj a>_al jjlaLly <( j>IJ j_oJ Ja Jl J^al jj 

'j ~ II •> l ^aaijj ^ili \ AY \ OjLaa jij . ^AY 1 — \A* i j 

. <LuljJI tiiit^ll <~ilai-fc ptjji aJla* 11Ajl 

>—ij-» ■> »? ^ j m i (£jLo_lll j^>il ij-Aj ‘ jft*}* * jLJui JLjI 

LaLoJ OjJ-*aS j.O nil Juujl MjjS^ll DLjtfVI iklllj a p I^Ja iill LajJ >41 uj* 
Alexander juV jjjj^o jilu^ll ^.ii 17^ <ai I a iaiaSki ant I ^4 < ^JLaJI cajll ^^4 
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o'l j_*j < Mtl fl \A 1 jl.oj all « (\AY*\ - WVT) Gordon Laing 

. 4 ii.ll I 4jjjlxa i^yA JJU JjAj < <4jlla ^ 

Rene 4 -lo11£ 4_ijjj ^ui^aII * jJ* < Lh^ I ji^l u^9 

. \AYA Jjjj] Y * ^ jSu-j^i J-uaj ^jll < (NAY*A - \V^*\) August Calillie 

<jl ^LLudul ■***<4_ujjJI 4 JlIII ^LujVI jxoll * il 

4-IaLEj ill t 4 *>i.llI ^jl\ j i/i a SjjLut-o 4.1 aL flj j^ll^ <LLi_A ^u flj 

j (J itil 4m<i\ 1 fl*i « CiLy* i^a 6 Sc. 4JI fl. Ij «l2j . i_jjjLII ^11 <\ J.ll I CiUj ^j-^l 

* 


UjaI Ojlji^jl J ■ “* 6JC l^jjluil < (^JLlll jjjjJ I ■ * ■ v *"« 

. LLjfll 

. <i4i^iVl SjLill ftLlA^U Li^tc ji^Vl jiil it I Jjill ^jllt ojl^ 

jkJkjJc. f Ljj| J ~ oj.Jt^ Yo • • A fll III n J jill £jLi* i_ij iJa p ( ajill (jjJj-ua-t! Ja.j 

. ^jfl Ll^i ( jic. if JI <j| IjJau ^Jj i ^t^lill ^Lijj-oVI 

JjLijj J- 4 Jjill ^ IxtLja _>J»-JJ tyiULXjl Jl)i 

jhj Lo ijll j 0 »H jjLl« j A a~iI ^jll i (\V*\o — W.1) Richard Pococke 
• j-iZtC. <>1^11 (jjill C»l j l j& tj j^ljl j “~ i n (jljjjiU LJLa* 

^NV*\o W»*\J dames Bruce juj^j ■«Af| < *»»Yt.»11 J^j i \VY> 

<_** J^j -Mj • lilliA (jl^jfill < _ > .fll_i iusk. (jljj-uJI ^ ^kjLjaJI ,^11 Jjill ^jLu 

. Blue Nile (3 ju^ JailLi LJlak lJj^II j^jll jij < J^uJI ^jt&ll j^jll 

Jail I £jllo Jjxj JAj . Lu^jjI t_jj£a LJLx ^ a i iij Lo ^Jj IjJb 4 j jij 
(JailI iilllA (j|£ JjLfl . l*tU^ o <jlS 4 j| VI .C)k dS 4K«till <j| < Lla AjaskJ 

cJ!) 6, ^-“ jJj (*-fd3r“l lt® ^ LT*i t 51 ^ 1 1 

. I i rtj li Jljj Y <ula jl$j < Jjill ^ iiii‘JI ji _^-ifl I^A (jlf£j < ^i_i^iail 

64j-=^jil ^th«ll oljjajll (jc. .-.I .K-v jt j * n i_jjjJI JJjSjII jL&j i_iIJ- flj 
ji Uj a a jjSj ji oljj -a ill vilti ^jl (jjJJjjjV I jjLufouJll jiajl Ijjj < Llijjil ,j yuj 

. (J*ilL CiIjUjII (jl jjAjjV I Jjill 
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Richard Francis *-** t ^j J jjLumj i.. uu)t I J,l3 Ijj 

aU i— ill iljjl ^j*u^ <<i ilic Ija^i ^fe-v ^jtl i — NAXNJ Burton 

. (NA*\£ - NAXV) John Hanning Speke .iLa*« ^uU aje-J 

jjjj fjl (I I,i A j n) ^Ual-ijjlj <-u_y-*il 4JLUI J jujj *1 j-ilLSt iJj-oj 

l"«l '-Itfj CJ^-1 J^| Jjlfkj . \ ATT A^XJjk 1 <45La <4ajuJa11 

^I . N Ao £ <c*tui Laj^I jjj-jii j tillj jA-i ,4 it^ll ^iu 

. L^JaJ jjf JdU JjLaO jjljU {Jjf ^j(£j < j^Jb MahJiSI 1 4ojjjjVI <lijJU 

J^lil ^jIIa i^fiLuuo^V <~ijLiil La^jlIjL^-o (*( 1 1 jjh |j-i t NAoV 4l±*i ^a 

LJLv < > . « i..u Lo Ijjtj < Lijj-fll |3>“ Ja-Lui ^ (^Lajj)_)Ljjj 
^jic. ^53 jjjJI <aj i^ill <L^L1( Sjj-^JI ^_i(j ( ULijlajL S^j-k 1 iLu&j < NAoA 
. LtSj V ^ajjiiJI J3.LJI ^ j^LII ^Jalj \ • • • jujj < Luljjjl <jj^aJI 


dal .^.id j|^u ( J-illl ^i'h jl ■*!««■ ■■ j«im ,4jalill ali ,‘im j; i fc lI w-u L. ttj~i-k Ij 

• jjLoV/ Jj-lilj < J/j 'jJe. Jyjjj <JLiljj <jc- L-* ty 

^jllj <LJL^i| • NAoA jJjj V ♦ * VLcui ■ u _^iL-uj 

I.«-i1j jj t£ l jS Sj 1 %ilI 6 jjfc (jLi j* 1*1 jij . Lake Victoria L niiSi ij i ~w j I^jJc 3^° I 

<3® jkLS * NAX'L ^jIjj VA ( ji Sj. j a I <Lo^a. < J-iiU 

J^Ia (jl cuj < L > 5j 1 .-WJ c-il-«ni l •v J[$Jol jjLia (3° «—■ I m . -kH jj .Sjj. *k . J t 
. ^i(ai( jl|^t JjJat jiSluJtjjj. 1VTA JLull Jii 

*_jd jLa. 3 * < LiSj^aI i flitX ^ji oljkLyJI ^jti 

David Livingstone jajlj ( jX-X» iiI Jiti_ i<i jJLaJI (£j\,nin 

5ljLa_a VI o ii i NA1 N 4lu (jjt uli£ ^yJJ tJ-uaj JJU . ^\AW — \ANVj 

(*) d a i ^jjll j«* Lj* «..i I <JaljLja ^ L^oul ^La, JJjj . J^juJI j j i n‘ii l 

i- fl i f i ^'i . UJ Jjl (jLSj « < 5 »-<»i t?l <3* JLk-iill Jjaj Odui LaLmiI (Ja._xJ 
. Botswana LI La !_i^ Lui Kalahari Desert pI_ > a u u» 


1^41 ii fZ i n Jjidlil 
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< »ijll jjlc. SjLSlI ^j-ij ,jlj i Ljijj-il Jilj I. 'j Ju (^ju i l <jl^ 

■4_il IjA ^^oju ,jLS _L_flj .J_i5jl jl %~i J 4 —i-qLsJI ^J l i<-i oi l l^jj jj* VjJ <6jLa-jJlj 

ju iuljll SjIjjJI Laj| <a»I jj (Jj iJail <l±all 4 j»jiU II dllLgJ.1 <aljj V 

pI j^pa JLup LuLjjjsI jjc <1 j ■ jkLa < \Ao"lj \Aoo ^ij jyJI 

Li4 ^jI « Vj -^t l JLa-ii (J^Luj ^^-Jc l*Aiy ^ 

- aLjVI <> Ijj Lijjif >*■*? (jdlXJ* JL>I Kr^ U <$3i“jN 

4-i. ij > jVl 6jliil jojt jK < LjjoaJI Ij^J ^1—i 4—1| 

^-L» V^L-Ju ■ a** * ^1 i tA^ll (£j ry a J^y-lo . j.1 *a^J i.^ Y ♦ * • Jjjj V 

. Victoria Falls Ljjj^a ciV^LI 4_&i^ ^ila|^ « I^^Lu * t» ■ ■>** 4jc.(JljjI 


^L_a i \A"Vi Ljlu ^Jl NAoA Ljlu < I i tjj-aV <,a > a »» ^ a 1 a ^ 

4 *a .tX 4 Ja «v. • An~\ pLj t 4 rt «G-0_aJj <■ ^aIua t—jl <ti^*i <uL 

< lake country 4_ui^ll *j« ^ »lI <jxil < NAVY ^Jf ^A"H 4lui ^a « 4—Jli 
ljj£ Ij-1jo jJx^ TVo ill n (£jll (^IcVl j-i-ij£ll Ja4tj t NAVN jjujLa 

Lfl_u I ***- » Lt 6^i^j 


£UaaI (jl <-a.jjl <-J j f i.u OjLc. < LjujI jUajl £yc. i_iLc. i (jjjaJI <tllj (jij 

. 4iyi JLu&l J^a. JjljLa JIa cJLLA 

U-IJ i a n Xal t Ci-u^ll OuljJI i j% ipall ^ya < illj it Jjji^ull cJujI 

jLj yi j^jll < Henry Morton Stanley ^ l‘«l " ■ ■■ ( ‘nii i «-a jij < (j j j i ~» inll 

jLjjj yj ^I'll~ «ii Jjj. ,j< ~ in ->'n al ,jc ihi~> ill I j tjj-al ^Jj i — NAi \ j 
. 6i\!■> Sjjp&i <IaL 5 jj^ta jt (J^.Ia1I J[ 4ajjj I \ AV^ Ll-1 *\ ^jLajjj 

J=»-LuJI <j* (X* -^J >H> 

jlal : Jlij < <jaljll <jjjlajVI <>Ajltl tLaj I ^jL&jjj jL^jj \ \ • 

(jl j^u Vj i I—All Jilj Xtajll (jJjjjVl 4il ^ jput&uil n i^ J dal 

. loa.1 (jjii 

ii imij 4lu> Jju CiLo (*n *> m*\*utl jSI < (jjilj 4jjjVl ^LLlui jiAal 

. i_ll itXlinVI <UjLc. ^iillui 
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jLujj . 6j ijljj < 4-ilia^JI »'^-«H ^]| i_jjhj t ^AV'\ <lxxi ^1 

^aJI ^iT ij 1 “7* *J fll 1^ ln*> j ^lN tJjJLlI ^ <JLflljII <JaLill Ijftjjfl 

. 4-laj^i. jXJ-ujj ^kll cllj-ij « ^t-nllnVl 

d aL>\y>« d fll< *it | 4 t flLJl ,?.f I £-L^xilj U I 4.-i a ^.^11 d "I* >v 

ljj£.jl (jj-» J jJ"wl I ^^lc. ^iljll ‘ C£JJl£&) ^ AA<\ 4-i jlu <Sj-j_a—Jl 

• ^.Vl c_uLJI ^^Jc. Jjljjj SjAauj OjJi Sjoajj JfjljL? 

AJU&ll Uai)t SjiWI <> ^^111 £lfcUI 

<jla1^1I oI^LjLU d iUl.ill ^JaLlLI Sjjuft ^>.iduj ( N AA* d*n,. 

. Lilli jni — LiSj^l — 4fj2*Jtlj <jjldll ^iaLxU 

,*LnUfltl jIni tl I ^Jb \J& Cilh ^lll ^ 4 jjulujJI Cut^J 

. L&AjjAj J d lt»A jj^l itAii.nl JaLuLi i±|LkJb ^l^_j 

Ifl hi \ tt-> ^A 4 flh \ n 4 \ lUftll Jj-laliU d 1 in^l t »l p I jj J-iljjJI Cu(£ t ^rj 

^JaLllI ^4 fJj ’ (jAj^ £-1=-*-“ 4 vi i ^4 6 *^ i ll Ci* ^ I £-iljJ_ll tilt 

^A J-aI tft i_»Li£, £_aj • 4-o-ifllJ d a tUf tti pfjl iAa 4 ,v iJa.ftl I 

JLola.I vllllA <j£-i jJi < * « « < >“ ^La-iIi jaa 

. (SJ^ <j£^ia£ I Afl a Ij^J 6JJb i_Uif> <jl 

IJJb |iJ < d ... a\ Cxfl^ll ^j-A ^\,\ fl t JjJl ^ p^-a2i JflVI J fl fl fcillj ^-AJ 

. ^Ul fjJA c UjJI lijllj ^Luutfl ^«J Py-ill 

<<AjJlLI 6jLj ^Jjuj d ill A .*.11 4 i lUill S^ljil 4 jLm^ K flj ^*1 j Ii" ^ 

L^Ukikljl oL ^23 * Ljiinii 3j* 6jjb ojIaI jLfl . 1 j« O aI^J 

jlj-Ljal 4_ijJL-o j > I, t i|j Q-IL^ .tiolail Lbj t u^i ^jII ^laLiil ^1 VL a jui 

I i„ i,uj Ijl Lai \t JIJau dLiJh jl5l ( ^ja j. u A.% 1 I 4a^j < li.^. il^l i aa 

,^jj j 1 * * Jjjis j£ 4__J[ * ,*vll Kjj .ob 41 «,a ,i a 4 iJjjiaII LfJbf^lal ^u&il 

t d *tI a.«II 4pla1&a1I S^jIjJI ^4 4jj0^uJI 4Ja&iil iilti u^i Dczhnov 

? (1m <jl£ Jfi ^*-4 Jakjf ^ <j] JIS 
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joLo <«Lf fj* Peter the Great jiSVl u*J *j ^-“$^>11 ^wajJI s$*. 

Vitus Jonassen Bering ^1 j&j Ljumjj ^ Jaxi jLS 

A• • ♦ 4-dLuJL Ijj j_aL(_u t N VY£ 4 \*.u ^1 > all V£ \ — J 


( 1^* ^il ^UliM j-vtH ^_lc, ^11 ^jj4njJaj 4.j <nj^ll 4 g .^LaJI 

a-“ .p-aj-L?^ 

I Jjj ^iuJI ^’wn dllA^ . (jjinf n ^ £ya L^=fa JL>^ 

# - 

*tjll i_£jJall (jp 1 ^ VLflji «« j “* Ja.Lui I it. il i ft 4 jjT k \ 4 tft 4la_A. 

K»J AIj I 1 I 111 ^x> ft Li dllA CuL^ j2 fl < 1 fl j x,a fa fljJjhlJ <jl . Li^-J- I I LM 

. Bering Strait jiiAai LJLa. i^aj^lLI ^jULI j-oJ. 1 dlj * 4ull*wt<ll 


LAj| 1 « L^liUul ^11 ft l.u|[ J&LlJI P Ij^l ^LUJ ft^-i^.| dij 

^lll Aleutian Islands jjLu^ll jj < A a ^ £-il_^ll ^xJI 

■ cKp £Oif je* 

uiAJjl Jjl u^J ‘ ^ VI N <<-L-u ^ <jSj^«VI a jLSI I JLoaI ^ L-ij] Jjjj 
1«■ »j j i*iJLL cii^Luu^l ijuLuil ^jJLj . Alaska ISLujVli LilL^ uAju La 
C 1 LV 5 II ^J| L if Li <j| ^i| l-ft^ j Q^i.nn'i ^jIIj < Ki.uV(j ^jLu^ll jja of’i'vij 1^ i 
^11 IjLajy * ^fa^bLU^hl 2^-j-fl JiLL iSLwiVl ^ujjll < .a iti^ diIj . \A*\V <lu« S.va it I 
f jt>i olj^j |3 . ISLujVi ( j j ° 4 -JLoaIi ^La"* fl| j^1 ^lll < Point Bering cuj^j 

IjlI Jjt ^LJft <LiII ^ ,i ’“ I jj nj t VI <u« ^3>jJ V \ , X*\ Ja^i jjJt ^Aj I 

La. ^Jc. £_ojj S^LS 2_JI ^ .t. d La* ^ iji1«-i ^lll * North Cape 

. VIaui 4ftjJ , W jAjt 

fi 

«=»' ii i nnlji ^jLmj 4 a L < <i ^i| ^ LijVix I «A>| ^> uq >ll > < nlj 

d^LuJI ^uij fJLo^jLuj I ^2 Lll^jl I cujLjui lAl^j < I jjjo 11 i i » V I LfL^j 


Jl^mj>liti> .jju ftjLii Q%*ia .^liixJI J^LuJI gJjli faiiylftj i 8nX"milj 
ijl < WiT 4lui ^-Laij^lI o^LaII oaULoxuI S. Chelyuskin 

J^LJI Icmy ^ VLa^i jUI * Taimyr Peninsula lj^y*. <-ui 

cbLi. Jj-wt Jj-a. Jj^ll jj < |JI ^ Ua-i*iJ jJj .^Lil Jl^la J J%IL LUjj csj j «.» ■■■H 
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^4 iJI ajui ^ I CUA-ujj tAS La.^11 4 Ljjii|^j j IJ jSI < | 

. Lqjj^j Cape Chelyuskin j iSjlujIum ^jiiIjj a 

V I <u« JajI jiJXij < VLlui VV, Vo jjAjC. Ira^h ^ic -jl* '» jjulj 

^ • • u-® ^ ' ^9_>V (jiLo-ill j] ijS Jj* OJJ^J 

J^iaLlLI 4-ill ft ni ^ I JjuI < North Pole Jl *.t.ll i lUall uji^, 

■ fJLJI u* 

< ulaJI jl a! oljl^ Jajj V <GI I JjA*lI l> Ijj ( dllj 

^Jl aiTiII ' 4Uall ^| JLaJI^.f dll.il < % tTi Jt$ . VI a Jit jjuI j j_^.jj Lo_ij <i£f 

. <44uLJI ^Jc fjLfllj 

i (.f® i.tj*ill Ja.LJI Jl a tu JjljbJLi jJ-^II i Qflta,^l iij 

6 VLaaXi JSVl I JH* I 6jJb ^4J . J k^JLUJ I Ul 1 jL^jj uftf. I 

IjiA^li^ ^*\*\* linj t ^yil.A liitI ^ tltflM L>-vl I ^ olaIjII t Rudolfa Island IaIjj^ 
JLftjui ^ niflV I ^Jal itjfl VLajuu VO J< 11 ilafcjf JLaw 

. jil mtill I—lUflll I^Ia 0 0* -laifl .,!< ilj < ja.j uii'i tm 

j_)UJjljAk ^jl i il A ill > fl ttl^ UlU l^ASI jj3k <£^&3kA Lftljjj 6j/^ 

Karl Weyprecht Jjl—Sj * (N'Uo - NA£Y) Julius von Payer jjL,^J 

Franz Jo - » < »j^ a. I ^ ^ilaj iXAj — \AVY 4 L 41 ^ ^\AAA — \AYA| 

d Jl ^ *t. ^iSVl a 11 J a iLjj < i4ia\II j^ial^j-oVI ^-i-ul set Land 

4lui <j| ^j-° Jjic t ^tjdLoll 4 ^juAjVI Sj^kil 4-JL-fll^jll ^-uoljVl {J-A 

. JLJI 4jluLj dllj jit Jju Ij^IIa Ja.| jSu f \AW 


AJUAJI AjJaUi AikldII <> ^UaiJI 

JjC ^jjill SjSJI I. VI ft m* JAjI 5 tin a jajVI jjjSj ^jl JIaja^I dlliJb £jt£ 

Ltli. « IjjS Jl aim I j 1 ^ j iAjI J^inl jJ-ail ojjj - ^i>-ill l.j 

. I JJb i yA JaVL 4ia^A t 44^LoaJI JaJjuja 6>i *>a> 
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LflfOLol <ijxu A n*t^ a Ci^kLuj ^jII S^U^JI Laj^^lI r^ K 

^LLj ^Ao*\ — WYVj John Ross < jIaJ^luiII . <**11*■»!! 4 % *L*all 

<ji .t.< cj^Lo-aj ^jl j*j U-a (NAoo - \VVA) William Edward Parry Jjljjl 
4ojuuajil j^aJI 6iAL.uA» LaLfl ^jLj Jj-l&jVI jja ^Jl o^ajI 

£j£1Lj ^ U«II j -> > 1 II ^ Joj-ajVl ^L^Jj I n (| ‘i^l < N ATT <1 jlu J[^L. LujJj 

■ ^As fHj±? Jf-“ tj*l 


jji&2 ^ f kuU< ^ *— l a t l^Lojfrj g il^k Lj^SJ ‘ * "I « NATT 4_ix*i 

J-A (jJjJiJI JjJLLill . (<la-=JI Jj-a ^£,ill jU*aJl j^Lj jJbj * FlellX Booth i±jjj 
a<t<H (5 ^ja 1 VIa.w Ji^Vl 4 jlAaII Jlaj jjlu ^j|Ij t Ljj^j 4 >.?. 

^Ij *■, i,ul I ( NA£V <Iiii ^ I^JLuLi^l ^tllj L^Jlf^Jal ^xaj| 

*\ * j-jlj(j t Vi—ft iti VN, V£ Ja^ < (N AAT — \AW) John Rae 

^jmIj *La^Ic> jjdO Iji n^JY*\o CflLaAJ j fl ( I ^ ‘^1 t j^j >"■ *u j* Vi-* <» ij« a jIX 


jA * <|J iiJj 


John Franklin (£l) ■ *VI » a. f 1 .^* -***11 d—jJL ill <Jjl_^J[Li ^L_aj 

^k j 1 <i=u^^ <«Lla-JI I^j . al .?*K~ ...VI. ^L_S I * ** • a , (NA£V — WA*\) 
4-iiaJU ^La < N A £ 0 4-lui \ AY 0 NAY* 4 i ■ I Jj^J ^ «Lall J-w I-. ..t l 
jjAmJI ^jAijluI ■*!» c LajljAJf 4jjl jAIjjj Cul^ JAj t j-v »M Jjjlu lj! .. VI 

* e 

Jjj - p Ij^JL LjS^a 0 A 4 jij.u.11 jjL iS oj 1£j t ^_icI jjuJI ja,I^JI jjx Vjj <jjI *11 

, A ^j <ILa^jj^j_A ^ fll“v I < tfl< u^ll <LaaJI J>LL <j| 

£Jjf <,i.fl it>^ ^I a-v |—t j jf. 4 < a ,f.^ CjVL-a-^ .-.alL'ilj 

< 6XA <tixJI ■"«!-- pIjjIj . NAoT 4\ia* dI* ^11 ^lj] . t. *><1j , d wxj «* ^ 

. <isu^If ^jJc l^JLfi^a ^.U<H (JjaLjVI Jj*a <jjaUI plj^VI 

Robert j^KLa £x9-^ o^jj iajLj-^ jLl^I « £■ ^ 

* NAo • 4 juuj VL.a *Ju j 1 <aj> (NAVT — NA* Vj John McClure 
Cjl] :Jjia.jVl {jA j>btJI {S Jual\ <a5Ij!I S^j^aJI ^ylc. jjc. JXj . L3_>u 

cJLaSl jj « <lac. UL j^KLo <i^j CbflLi^l t tlllj ^aj , d“\«a >,. ^g, ^ IX."ll 

jl j- 0 J ^}l Ja| ^ 1 ft 1 i.mJ ^Jj . ^JLaJjl jLuiIl ^uij 
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(N*\YA- NAVY) Roald Amundsen « tl ju ^ ■ tl 

W*\ 4L-j NVT 4jj,u 4 fl > j t«^ % 

Eles- jjrfi-mll Sjjj-a. ^.u<1I (Ja-i^jVI (JL« A ^-S SjS jjjjJlj 
^LLij-iIl is* J f f-*-' 1 4 *1 1*J uu , mere Island 

^jILajuJI i ii II 6^jj^aJI Ahii ilJLuj f j i i ulI Jjjl < ^jii,UinljJ 

. oIjXo^IaS N • jL LfrC,L nil JjjJ V 6LJU ^jq 4iua <&JbJLo **JV» 


- NAT.) Elisha Kent Kane I < 7 , i l l , ^r.<\ ..,1 1 ^L£ 

in 1 «il| .IlTmjA 4 J-U IjlI) J)j« AlI < At I IAjb ^JQ ufjjUU Jjl (N Ao V 

fl VI A it» 4-a.jJ A* ,*\ JoA. ^-Lc ^ 4-IaAl ^Jl Jj-oj J-Jflj . N Ao0 <j-cu 
I la Lilli l til a ^Jc L-uj-2! IjJh fj\Sj . 4m,\ i"i <L-*a|j—a ^jq J-ji^II Olu 

6jj*)A Jj-o ^jl jJ_u tlllj 4 i <AjVI 6^^ll *- ^' A *» VI n.iti ^ in flVi 

, JLttjuJI * f L 1 f 4 j [j .tlAH 1 * I j t««.ll | 

ijuijuij IjJ j^ulj I. i.u t I t_fl ni^ i.Aa^a ^ (In uu I « N A V N 4 ,i,i h ^ 

« jlll*j-a.j ^i-auuJl ^ <LL^La JjJxj jjl (NAVN — NAYN) Charles Francis Hall 
^j_a < N^. V 4 tm |J» fl . J L n i ti 11 ^ J ■>. ,i | I j I d lift J V CiJ LSkj 

Ludvig Mylius-Erichsen jJ - ^jJ* gjijjl < ^SjaIJI «JL^luJLI ^UaluJ 
j-LSVl) ^J^L^JI ^ VLo-ji Ijjb^l J^o? 0 VV ~ UVY ) 

. 4_t^_^JI pIjjI 4iiU 4ifllj AflJ t ^lllli^a. 

. <txi^lti)l p L^V I I ijj f p HSVI idfc 

i t »i.ll Jc^j I * L i,f t NAVA aIuj JaLuJI ^a i tin^ J[jf 

V • LiLui_a (NAT*\ — NA£^) Jens A.D. Jensen ^.li a. . j. 1 .jij ^ j-ol^l 
^JLuu» N, o LjuL^. LcLaljl iji^ < ^^1 l^ujL^ 

^Ll 4-^.I ii« a AjLuC. < I g K ,illu^aJ <^1^1 .ill ^jisLlJLI (jl ^j-tfkl^l j^a CjLj * 

OJ^I * d 1 * ^ pUaij SUaLa Cu l^j| JjVj < ^fuLw^i <3kLuiA JIjaI £>ii 

^iJI Cl UI ^ i«a. liltj jjJc. 
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— N A"\N) Fridtjof Nansen j i «. Lafii .all ^LUj iJ 

L^j jL Lg-Aj-jii ^ya ,ui'nj-^ <j1 f iJI jjju ^jl NAAA <Lcu • 

* fi 

AjjljJI jc. P^ujf jAlJ JjLU Ja^ *!*£. illljj f.Lfl . CiLiVjj JlLkl I ^JQ LiSlj 

0 Y * I 3 -^* 4 at->"\ll 6 JJb 1 11 1n^a. jj-ajX ^ >->» ^ < 4-all a juLII 4. t > Itflll 

p (ojI JaLftjl I I < j •.*£* 11 ^J ^JjJ&I I p lint? I Jaj t IjLfl(£ Lo£j , 

. ja-J I £.1t\lu u s ^auLo ^xo Y , V £ LflUj I ^Jc 4 i nfla Jaj 4_La^l I 

Robert Ed- (£>* ud^i o^JL) h^"i »11 * t \ A^ Y a.\, .. 

jjja> ^jl i xyj c JLa_<Juil 4^ ^ . i Uu^aJ pliaJtjl ^N^Y * — NAo*\) win Peary 

t Vlxut JajI <JLfll^ll yuflljVl Cul^j . Vlfliu 4ajJ AY jPjt iaa JtC ^jjj ftjljlol 
< 4 _o$ixll Ajub J^Iai ( Peary Land jiV LoILs* < p bj^j <i^L2 
Jxl ujaj jtAuill ^jo ^i^aVI JLouJI ^A AJjaII ^laLiLI jjl ^Jc lIuu^I 

. ijJLfti ujl J _*LaH ^jj 1-A j * A ^g\ jiA4 ^ 

AY (jojC. iaa |LuajIj^ j^ljj ^lojjJI Sjj^x ^ LlLui <Jalj ^ i/ttl 
YYo <laLulu ^ILojuJI ^julj ujaI j * »*» ^xilj * YL>^ 4^jj 

Jja jjJLojuuJI uAjJall JtC 4-JLa-&lJI l^JaLii I (jLa t jllxj^sJ 4_u-u-iiLij . f^xo^-Li^ 
^ ■ < - ul |jk c.u— a. i.u ^-ji 1^ Cape Morris Jesup l,u*» f >a j ) 9 —a ^lj ^ 5 LH ^ 

(h ^u|^ £-Ajj . ^*t-JI t\ i T ill 4 a iliflll 4 1 j afi^ll O^La-aJI ^Jc J^AjI (£jJI ^So^-oVl Jj_all 

I jo-aj Ij ^ Y 0 J A 1 I 3 t VL« A 4^abjJ AY , *\Y jajX- Ja^h ^Jx. ' »■ » « 

> Cape Columbia LuajIj^ ^julj ^c. VLua 


VLoA ^ tj*t ftVI 4 IgaLj joajlj u»m% fju (jlx < 1 AaI Lo£j 

. jlojiiS 4xli 11 o jjJI ftitiH In fill jc JJLU V jj < jJLsJI 

4jIJ-JI IjSjJLa Jj^I J^SLa jJ < JLaJI <a i iUtj 

iloAj <a1 U^£. 6J j i ^ jj-a. J-a^j3 Lojjj . Cape Moms Jesup mii^ O^JJ^ 
. m, VI ^ a l«? l ^tl iwiAVI jaL> dLxA jLS «xi^ < 4 **i 4*i *till u Ufltl 

f LajVl i <aCrjll j4j Vl — 4 1 i.tu p^lu dloJb <*iUj ^11 4aLl^VLj 

< ^^ 1 * jj fl J it i l l )„tln flU J ini ^jq Jjl jj ^jq .* (Jl^j-uJI (jLS Jl flj . 4ojuiLkfill 
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^Jl jlaf J-Lfl jj£j o I J-»V u^jVl jl IS 1 n,\ fill jJJjjLVI ^ n~i ml jl jloj 

jj "w a Jjjx jjJj u^jVl (jl ^1 — <Ja£j JjC. ^ fr.Ti* (jl LJ-yt VLqjJu oLfcLaJiVI JS. jl 

. Ojji^ ^dua.ftl ^JI ^^ajVI ^j-o V La—iti ^.iajVI A ill 6JJh ^jQ j"i i>> 


. ^ . iL^al lj ^fL&uJI ‘ *Lat I LoJh jj^jV I ^Jojui jfr aJU In^hl jLJaUifl jldi 


jl i Lfllj A aj a ttillAJ A y 1 V 1 CuL^j l*la. JaLfijJI 6JJh oft a 

< j »• d t« ,^M | ja jl ^Wl IjJb J • ^ I afl i U t 11 (_ju3l=Jlj J-lL^JI 

fi 

. jj^aULlI ijauI p Ijtl ^^1 ^11 ja Jtj . jLotVI 6Lra. ljLua ^Jt VI |UJ Vj 


< North Pole ^iLojiiJI * .kofl ^J| 5 jL=^ <Ijla*a Nsnsen jj^uL ^Ia 

lx£h a** < >.»ki ll ^ oj-ojJ ^jlll jjLwJlj . jjLaU -kL5 jl 

JAj . ^jjjII JdLaJ ^ JilaJl jfl iTi \ (J^A dj^Ja <LaLuia 1^,»% i.u JA jlxuiaJI ^A tltfj 

^kdieu^j jl La i Q j j-D I IxaL <LAjj1u 4x.j,.uaII A \ \ fl i.ull jI juulil Ijj 

. ^iLbuull uiiflll ^i| »^i an j^ai JaiaJL 


. iLatl j >f ^uil (, ^ xJI jl <jSkI < <Ja^II 6JJh t Aim jkLfl < NA^V <Iui ^A 

Ao ja^X. jc, VLLu JJLif CflLui Jilu jl j^Al V ^UjLuJLa . ^yll. fl juull 
Laj-vj oUUjlL VLau 4,ui i.all jmiL Jjj <_^ ***11 p LjI ^aj • V L.a u 

£ X • <_fll III a ^J| J^j-i-ajil ja j£-aJj I VL&juu <_a.jj A*\ , XX J rx-L 

^Jojui |jJc OlJaA ja VLo L u J Ail « ^il—a—JuIl i_il rfc A.il ja 

. i^uajVl 6j£ll 


Ift^Afc jl^ JAj . <jI.IqT ^il aiTill ^ iktll .let t~h LI jftf. jiuiL ^>"LS 

d . si j q jjQ | jjh ji5 j_5j . jj I ^ .T. II j \ Jjul p ^11 <ajI I aK I Lx jljjj 4—1| IJjj 
^1 Jj —bAjtl 3^ J * “ J&* ^ if* Sj j t i <j-aljl <j| jl—ajj 

. ^UII 

I LI ,t.*i ^j£| ul‘i ja VLjlu ^LflfiVl jla lt l it Liu^luiLI (SJi Jj 
jxauJf 6j*ja ja <otLa-uJI ^LfluJI -k uu» . j i-u JI IjA ^ iaj 

pjJLI 10-L-**-* jl j * L*...« ^ill ( VI a mi jjuVl fjJk ^UjJI 6jjfc cul^ rk i 4l 6 jx.La^ 
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^ Jil ijj-allVl 4 iluiU <1 ^.5 i.jjj j -\ >1 1 jje ^jjl j ■ m l ^Jekui olj 

, jjJaJI ^Jc. » n t ii J (jiLa^iiS A* • 

jjJI j« -■■■ll 6jjj^ (j*® • 0 <lui 

Jifl I 4 fl IA ^ JoAd TT * ^Jc <VL i*i <a.jJ AV , \ • ^jajt Ja^ 

.Sjj»il Ijli j U . A j <jl 

111 lli . oLjliaVlj JjLujJI ^ I "i ~i ml < \ ^-ll_^_J-S j_a.ljl ^ij 

J4JI £JJ filial CMS Ctfj N'Nj , US NYTj jLay Y1 *»>»s * 4 - p ^j * * * 

(iLaJJ jl>Vl (JaJLj a* > jjLSj 4 f jA oLg.Jj'jj.ull p LtuL ^Lflj . (2h° 

CjA (jjj-ul) {yjulA JJjLo <LSVj JjLflj ^Lfl < <-AL^-liI . ^JjIjuaA *Ufc 

Ijll Jij . ^JL.ftjtl I i,U.fl ^4 6^J-^Vl 4-L^jIL* J.ft >^l.uVI 

I^IaJLujIj ^JbjLuidA IjJuLij i IjjLc. Jj^jI *\ lj *^1 ^ILaj^JI * >L^flll 

.<iifl*iitl ^^JjC. IjjL Jj^jI To . VlaiTi pLjjI La^oU| olcjj*>t «ilI 

^jl 4XiJLaJ 4-a^jjLj |^1 L&jlu1I ^ * La 11 t^Lax^ujj^li a1jI^_iJII ^ La ill jL£ «Uj 
£ja I uj^L^I I ^Jc IjJ a jhJi> jj (j j^j^wV I p Ijjj I Ij. a I 9 \ ji i.ui. I 

.^jLaVj f ji *Lj«tiill (Sj aU 

AjJs&II AaIsIaII jIaj 

>_i3t..*rtVl SjjLjlII ^_a * * iLfltl a ^ 1 ^ 

iaLulall j^lj^a j4 IjAJ jj^Vl d ..Lfitl rfaL'tll a . 1«• *1 I ^JLajuaJI ^4 lj 

<^uajl I ft u* mt 4-JI ft Jill d > iLaH <JLLill ^C. Ljjjl ^A ^fll mVl 

4-&1 ^ ft ■") | d_t >Lot | | | jda ^ Jj^j ^ j*t^ | d i* | d_t >Lot | lj| 

<—uU. (]ja Cj^laJI 4 ijJ-.aH llLlLI Jjjj ijLa. CiUli Jjl CuKj 

JLl>°J ‘ LiSjjil ,>> jjJjl?. c>a. (_,!] L»U. 1^ jLlo J>~aj ±*-> ^ o^jjjVI 
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J^LLaVI n’t AI dLlA ji-I i^j-i-JLrJI LUK .^1 ih a -.A a ->• a 

* 

jlj-?- Lf^i Jb^pl LSJ-^ oAjL^ ^ OJ-a^l u*-^ ■Ms ■ L^jl^ J-xj| ^A_i p^^ju li ^Lt 

■ 4iAja!uJI jj^JI 

<L^jJ oT, J=»_=k jjlc 4 In ft j Jj^bj < jJj-iA-U ft J... 1 .C Ln.Urj 

iijL^Ui . <lifl {j-° i£^ 4-u$la* <J=lAj c?• 1> LqLoj Sjjju ( I 

' 13 *?^ <u^llj £_»oj . 4 jj^ 4 a -b <jjU 5 4 ft Una ^| Li^lah J * iVI <lrafl\lI j« ~ *" 
Lfl.ilf O-i l£ 1 < jj.uJ I (j ‘ * (J^JI ci] LlA OiLS i < a ^jq ^jjj^ | 

^jll t nVI f Land of Fire jUI ^j^jl ^ a >lr ^Jlal .4,. i.uIja!I 

• LT^ JLh La 

<jV i »j 4 -u^jla. 6jL5 ^jo 0^ I 

6AJb (jLi g I « t all Jj^LVI 4_»_fl {£jil 4_u-L4ill , VJ w> u*<» i^jljjfi (JjaaI 

. 6j£a-^o 6jUll 


Francis Drake ^Jljj j*** 1 ■■ £^LLI j >f * cillj < \ oYA <ilui 

<jujI_^1I <ojLlj_uVI ot-lia^ i nil >^jL>il 4 JLjJL jjjLb&A o^*\ — N o £ * J 

jkjlrmnl « a »,. ..I .11 L>* 11 ^Jj jicj . <ojj *i^lI L^jj*a| o- 0 Ja.LJI 

< <L^.jliII jUJI <jLdl^tl jlill ^xjLH ^TnLu ‘"*1* 4 flunLatJ 

, jt-wll cillj jla Drake Strait JitAa 4.alc ^liu 6LJLI ^a jIjIaI 


Cape tjjjJk <_)-lj ,_,-* L 4 I 11 t-o-SlL jl jllll t>* Ljla. 0 -SVl <Jaiollj 

# 

^jq I ^ " *jl»^ TAo * < Ly>a <Lja-jJ ol ^J-C. ft i I < Horn 

■ 


, liJJj ^ JSVI jjJc. < Ijjk Li_jjLa. J »jl i_iL*jlLj I n *i J Jt Jji.1 ^jSLj, jjj 

■«....! ttl cilal itXu<il J)Lk Ljl^i ojujuII jAu oiul^l l.«*ui 

. LJIjluil i_iLuu^l ojI j^lll 


Pierre Bouvet de jjj^l ^ j o<jj jjjj ^ unji ^jL« jjt < N VT A <lu> 

Bouvet Island oi>j l jjj_a._j LJLa. .-i jjlj L> (NVAl - NV.o) Lozier 

4-a.jJ ot , iX la^ ^j-lc 4jj.^iii a j lt. ( j-a <LaJkj AjBj . ^JalliaVl 
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Yves jjl 3^h? J-* jpl* * , L . f/i^ lj . L^la. 

Kerguelen Is- ^ Jj^» j£ Sjj^a. (WNV - WYi) Joseph de Keguelen-Tremarec 
V • * Ah"i Lajj-c jJLu <Lcj ) n r\ a ^-Aj < NVVN a \ i u land 

. L/irk, <La^J £ N , 0 ln^ Jif I Ini-k 11 

(jljJjL lljlfi I <j| Jlu t (jjjA t>“lj A*fi J^=JI O* ( 5 I fJj 

^ i 4_u£oaJI 4 1 1 1-till Jpallil ^A ,hj Mill Jj-JI ^Jc O^lc ^ 0 ftj 

. 4-ap^Lq ^JL&juJI 6j£ 1I » fl**Vt iCLo-a Jajli'v J*tr ^LCiLaa O-tlfi 

<j| L>^lAk jl^* aL *1 A.va i Jj^Ij < 4 _uLjJI Jiwjj £yLil£lf ^kLi-fl pl_i(j 

f yi Jbl <—o-SUaj jja jjLa . <-u^oaJI 4 j iUSII S^jIjJI ^11 4-jL^, ill f ^i 

- gjj (£\ fjj a Jjl LloJc jj-fl ^jJc. <jSJ$ « (J^HJLX5* Jb^ UAjb ~ 

*d^.Lflj < \ VVY jjLij j iti r j-iLaJI jjs ^cjjLnll (jLSj , j^_i_xll Ij j i 

■fi 

La die 1 WV£ jjlli V • ^ji L^jta. 4j _JJ^I Jejj jSj 1 4-La.j] I J^Lo* jjf ,'yi 1 q-U-i 
NAY• ^jjuu d».n V oiyll dllj ,jLSj * lj$ia» ia.jj VN , W Ja^ Jj-oj 

4_1 1 ^—i J_iLall.. i a Qj" 4 j_Laj pi ij|j . ^ «j*«*>-ll i_bJaflII (jc Ij * »jl ‘ ^ 

••«••• ( * 

. 4 *fl lfl>V I 

1^) (J-4 ^flj-ilJ I LJj l^ j Ij I.TiI I 4_*J> l^i f I l,< Ml 1^ I P IAj (j 

4-C.j a 11 A^A Sj-^jl-laII ^ irfi iiVl 6jjj-=JIj . <JUL$-* 

X n« jjujj i o ^ f it ia-~>. iic ^12 ^jII f Thule Island 


tlnflll «L&k:Jll jl -k \ jjj «_flI iti't^l ^Jb <±]j£ ■*■! al i.A ^iLH 

jJ tfja-h. < L^jl^ 4.^"ill i jij-ttll tlllj u^aj . (jllLi^kJlj 4 ^LoIL <.uL 4_u^iaJL_ 
William Smith ifjumi ^LLj ^liu^JI ^L^_JI . <iil^ <i^lLLll ■ ^ 

jljjJI aIa c £LS jJbj . NANA Liu* ^ South Shetland Islands *;h j^. 

"\X fjajC. Jai. jjJe I ^ UI ‘LjjjI^- ^o^xiVl (_>ojVl < »U * J-Sjj < <jj>* U“U »>■ 

P ^ 

. ^i^JL^il Ljl*>tll i^o Ijlojii^ X * 0 • >ti nj t <a.jj 
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jl "h j < NAY • j t a fljj N"N j^iii . 6 jJLa) L-uLua Ld_aj Ijja JJeu 
.iiJjiaJI J i tiiTi U^ja, ‘UlaI^II ^^ojVI LoLc jjJjjuiCj Ij^lj jaaII ^ya ^Jij ^L^ol 
Lojjj < dllj ^Jl <i w<i JjB Atatii ^L-Lj Lojj-A .iilljj ^12 ^jll JjVl jJ LftJjj 
dlL ^Ub di Edward Bransfield jli a mil j_j JjIjj] ^LLj>-aJ1 jJLaII 

. -*!»&»"» Ijj juAi>i I 4jlA 1^11 6 LI I jJLlj . I >Ai I 

L^l J_=kj 4 4jL$jJI ^_Aj , 4_il J_ii( Lj) (J Art 4*jilr»j 

_ fi 

JIJjlaVI JjlaIL yJkj , 4 «t La! I <itajill 4 jjuu LJL ^auuj 4iui 

Jl^j OjI^ * NAY » L-uu OtlA^Lu ^jill j^ajVIa dlj ^aj . 6jLa f^ya VLaui ^ < rt flV I 

. <aj^jaJI 4 t .UaII S^jUI JlrtiTi 


Fa- j^ujLbj&iL J^uIa ^£.Jj i cilia 1 1 j *uAi «Lu.ul 1 ^Aj 

5jilJI jlj^j jL^JI (NAoY - NVVA) bian GottlrebBellingshausen 

OaI^ iij ,JjVI Ifl *L ^Uaf 6j ii i/a SjV^. LiuLi^lj < LjjV%M 4 nlnill 

*-*5^ lj 1 njli^ Y£ * J « i j^Jc. J i "t al < LjJAOk 4_a*jJ *\A , A L ys»j-C. In -fc ^Jc. 


d * *Lall d sum 4 i a » a-v j-ajl 4 alnfl Jjl C*aL£ JJlj • 4-jj^laJI 4 i iLflll SjjI.a1I 


ajjjA 4_Lui 6 jc.Ua uji 1 ^) iX 4 » La l.i^J ^j-ujljb ^ ^ \ I * > .a it* 

6 Jj j ^ I | «L JjJlal ,t-5j . LjLa* J-XjI £jij Jl^jJ V 6 JAj t 4-ujrJI 4 * « Lall <JLlaiJLI 
j ^ » ■ «j -■ jj a.\ . L > ^11 j ^ ,||j . Alexander 1 Island JjVl jjl«£]l 

. J^jL* jaJiL 


— N VAV) James Weddell Jjj i ^ ^jjLjVI jLLuJI jjL^ uLLI^Ij 
Y * i£-4j * Cy* * a< • ** I (_^l 4 ^ U>^* j*jI ■■ *"* ■Li-% t f L^Luu (NAVI 
. jil-Jlj j-Ljll ,jl Jjl < (- 15 !^ VY , Y 0 jajt Jaa. iajlt i NAYY jjljJ 

JAj . Lulu ,!*-* 4 I ^ ... Lo jli I LujLa LaAj IdA J-la JAj 

Lf-JI J'vj l.lj . i_Jaill jjjo N A* • ,jji J3| f_yaji 4xkl £y» Jjj 

ULa ijjJUj < CujIaJI CuLlll 4jkill 6 jj]^ Ixu Jjju ^jLj Jjj 4 _aJI j"ki I ^jll 

. Weddell Sea Jjj j-»u 
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jLu ^ ^Ul ^ iii^jVI oULftTSVI iJ£ cuj 

< NATS 4j_l-u . jllll fj^jl 4—aLsJI 4 flJrvill 4__U£jaJI d * tLall d a L*«t I 

olj ^AA • ^JLsJI t^ya jL)t I (_mLaJ 1 ^Lu^la. 4-uJafl 4 flU u> ^-ajV 6 JJhl itin Jjl 

JLa-u L il"kl jju I .Ita John Briscoe j!*C j.ujjj 1 1^»VI ^ilil ^lj < 4 jjuJI 


Enderby Lend JjV ^jjjjj 4 oLi J^ilal jij . jLtif ja 4 nUill S^jIjII 

.(JjlaIL 4jJI ^jq Jol^JI 4 a1a (Jju Jj-o 6lj JAj . d >*>■».» ■ ■l'v.>->| ^ujI ^Jc, 


Jules Du- cujjajj 4 -Jj.i^ ^dudjill ,(,nll ( NA£ » 4lw 

^jLi Lil^Lw 1 L^. ^Ul^l ja ^AiX — NW J mont d'Urville 

^Jc. Adelie Land JjV ^_LjI 4,ilr JjlLlj « 4_u^l^JI d . *L olI s^jIjII ^Jc L> .^H t 

Charles j^Lj ^uIjI-m^ t ■ a -»^ *■■■ * < Lu >aj ^ c^ll 

jW ^1-^1 <■! JqjL ,jj> ^Lj^la Ijlj_1, «il j_jL_1i ( \ AW — ) Wilkes 

<> jIjIaVI Ij-A . 4 I ft j rt 4AJj 4 -ijjVtJI d-i iLflil SjjIjII ^ ’*■ 1 jIjjuaI * JjV ^JjJIj 
. Wilkes Land JjV uijjuj < ^ji^lf I ujaa ^jVl 


(KnS jUjI) Ajj^jbJ) Ajjlalil Sjlilt 

ol j t j ut l <jjj_all oLfll in I^VI J£ (jU {£jlj £yA |Jjl (jL^ ( 6J^C JJC 

Cllj 4 Jl 1>A 4 1 > />j | ^j-lc JjUl L*-0 I fl * * dj" d fl il . ..II jij I*»H 

jJLj ( 4ajLu« SjU ^j^ajVl ^ rkm J-3*JJ 4 jLj *Jl^jl Jjl IjA JJa> JAj . ££jLfl 
OuIiaII 6^jIjJI |J^Ij Lujjflj I ^ L 1^i «^Ai I n ( I >1 1 j* m | < t ^1 ..i a i a* ivs. I ^ iI... o 
lj£, Lujj 1 g l.fl Mill Vj ^I^I.JL 4J^-Al—a j-LC. L^jLa tllljl d -^. **»\j < <-U£J^JI 

6jUll o j a i i tj . ^41 flliJI oIaLaaJIj 1 (^L^. j a j j ijiLw^iduiVI cilfcLft,^ 

* Antarctica ISjXjLuI 

James juj^ Jj)L£ a \ •y ■ a ...H * N A£N ^jlli 

^1 4_JLa_JJI 4 * *Uall 4 aU\II i a £] tj jI (NA"\Y - NA* *) Clark Ross 
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it LI La. *—< fljj.i -b.1 I i i ji^. 5jaLc. <a irtt d a L*. . I ^ ~*>Vl 

*V • y* 4x.La3jI ^ I_I_I wLilaJI y& j_i JajLa. <Lflj*i i nI yi ^J| L^jta. jjlj . yujj 

y* j*^ ill jr-ta-uj yyS 6j_)L «1 ^\ n in 4fl iti < ^J_iia. i_flj 4j| ^jlojI j3j . fjJLa ^ • ^11 

J-aj ££jil ^La l ^jll (£,i il-fcll £-^ill JLj-oI j » ...I) j>-\ <A 

£jjio 111% <i <al ■ <_iic, Jil-u Lc£ < ^XilaJI , > u qj i_jjj . K«Xjl"Vl 


\ m ,f i\ d t«v \. ,f i\ ^ In 


i—flj ^ti iin ^jil alia c <LijjlaJI <clii Jji ^axLa. i— flj <1 1 1 A 1 I 

Wilhelm Flichner j* c ^jLXVI * ° _tall ^uJ _ lL^JI ^ *»»I* 

i m iI nill a** ft* ^.Li 1^. i—flj Vj . 4 iill J[$l ^jLS ^jJI ( N AVV^ 

U% j^ll J i^J < Sjlill £y* A ft I rtf. 4-flLuJl J*W>» I ^J-lL^JI (JAJJU U- fljg . 

*f 

. I ulyfllI (j-* 0 * * <j-° JjBI < L^la. A*\ 


ul 5■ »Vt * nj jS ^>jq j-oL aSL-a Jj^il < \A\o jjLj YV ^ 

* 

JjV j . yjjj jij ^^iil '-sj^=JI u* aiV Ljj7\fl ^1 LSj^i Leonard Kristenson 

. <_uj'i-vl | d 11 Lat| S^jljll Jalj y^j\ ^Jc. (jLlujI i i jJLaJI a^jo 

Carsten ■*!** j ‘‘* jj ** >^l > -*njI ^ I Ija ^4 a ^lj jl ^ 

JUa.j A i .■■! j-ft . NA*\A iLu- aLx. ^all < - NA^S) E.Borchgrevink 

t£j-Skj t_f*J ■ fjjMjJL (_>uL Jjl < lijj£jlljVl ^ cLltlll 

. L^&a. ‘ ■! <ljLa^ Jjl ^JS jLta^lj CjliV^ll <lbal^-v I iti * JotijJI 

* Ljia. i^.ja VA, A ^jc Ja^. tP] ‘ "• * 

. I 4—tin.fll I I ^ \ Y 0 * Cy“ S^i ^ u^J 

Ernest Henry Shackleton /n —uupj cuujj ja < <jjl—oj j_al J[)La.j 

S_J£1I d - -> IL-.J , ^^.'^ jjl_jj <\ . t5 ^Ll s^. (N'NYY - NAVI) 

.U t~i V ‘ 4-a.jJ AA,VA fjaj£. Jaa. ^1 jlj—Al <—*Jjl ya 

, 4j_flVj | Jy—i (J£ j—LiAl J—tj • tyjj ~>alI I_ii-iftjl ya JaJLl IjILojJjS N 00 yt 

|kL>Ja ya Lo (jSjJ jjl Jjul 4-iLuii Jc-jlll yi Lajjc. V| 

. S Jjall iLx_jI 
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t jjlj-JU jLftJdj-o tllllA jlij <6 ^. 4 .rkV I iWJaj^U p^-ui J^ J-C.I J-S 

4 aL 'i 11 . ol ,..I 4jJk}lx ^jll 4 ^<.yjjia| Vl^j Cij!iuy I flJbJ"a>I 

, d iH aj?.h d uLflt i 

Iji£.j u^ll Li^J ^I CllflVjll J^LLuilj f4ijli ^iLjU (jAujjil( JJUul 

<oUkj Ijb Jjju ijiol (jJiajl I ft j if t fjS (US 0 * till ift JjlS „1 -i.fl . <j-o 

IA ^ • L|j d a.* iJ* II 4j^L$ JiLflj jk.Lfl 4 ^kj-Aj I a j \c j . \ *\ N N Y * ^a 

. 4 i fl itiSII 4 Ift^kll jlj-flV Lft j iA^k| ^Oll 4_jjIjJLII ^jj-J.1 J—Aj till Jjj * <jjjaJ! 

« >LdH . JjJ-J_li^L»i jJjLJ) LoS SjjJtJI 6jljJa-t-ol ■ 4_AjjJaJI 6j-j_lj 

Jljp V ^jLSj < N \ N Y jjLii Y N ^a <La^JI ojIxj < N \ N N j un,* ujj N £ ^_a ^ 

. 4jjui jj!<jI jJj i ^UlUI ^jjo Sjjaj 4.*aSj 6Li^il ju2 ijlc. US NY 

JJlj < I ^Jc lj « A * * ^Ja 4 4_iLic. JdA | 4-ij^Jxi OjSuj <IjL^-o QaI^jj 

JU.j LAj 2 fc-» CiLaVj 1 j a lit 6j iaVI ^LojIiS <jl n*i ■ nlLfl . hnJI pj i hi ^Jjul 

lj v * N^N Y j_»Li \Y » .-Uflfl ^Jl p^Uj 4_dUjlj CiJ^jy (Jo-SJJ . JaJLfl 

^Jl Jj ■ II Lojj IN 4_Ujll *j «* iljjj . JxilL lIllA Sjj^da ^uijlol 4 -o^Lc 

. .U-U-iiH u^ll ^aIjaC.1 J-Aj t fjMiJJual lj lliA LaJJ ^j.Lfcii ASkj 4 t Urt I 4 jjLa_o cjJnflll 
4 JL.ul j Bki Cijrfu a < nl d fl-«V 4 jlaJj 4_a, aLt d , ^11 JUjJI Ct^lj < Sjj_*JI 4 -Lcwj ^_Aj 
jl Jj_JI ■ *■*"■ ^_LAaJI ^Ajjj i jjjlJI j j h ***** ■ ^lil 4 itiflll Odl-^ ^lllj t jxLl 

. N*\NY ^ujL YA ^ Jlj-uA. L 

<jj_J l j-ULlil JUi ^L^U^ul j_A fjiS t * ^ 4 N A \ Y jk.L_c. J[jI^ >j 

« Lj^S Jj-£*ljlo ■ al .A | fl d ,.. (£±A ^Jc. <J^AJCo <2jj ^jVI ^A 

. I Jjrtf. Jj-o Ip Jj I 4nhan 

j^Jt IIIJ^h 6j^Liil Cil^ilLII OJ^Lui jl 6^iAll 6JJb 4jljJ jjA V| jSi jJj 
jUa * \^Y"\ j-»Lo *\ ^A_j . <jSjo.o (JSLii-o JjILjj 6j u S <jfcj i ii i Ci I iAilII n 
jj>Uj (NAoV - N AAA) Richard Evelyn Byrd j jjj j jLiujj : Ljb jjLSjj^I 

ijA IjLcj ^ILduJI uUI (j 4 (^^YA — \A*\ • j Floyed Benett ctn 

I S i iS jLuVl jlj-iL 4_Uj J^| jKj , 4cLu \ 0 jt Jjjj V 6Ja ifA uAAjj 4_Uj 

• fibJI Uujal iuuAJI JalSlII < ILjll AJjjj N*\YA jjaliuJ Y • 
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* 

>■♦1 *Tti.T tfi i j^^ri g h in 


JWi 

|j£ I « » a J 6j^il Jajljjv ^iuijj ^jajVl (jLuul^l j^4 ^J 

uiLLJJ * <tjAJU Uli ^IjLLidUJ Aj^Luall 

oL a LVi iI £ja jj^ 4 filLiJb JIjj V itllj ^Jcj 

jLjuVI £_taj-u yA Jjl jj-A jkX.jJl * (JLjII J j \ in y^rj 

Jl a"> t LfljLna fl ^ trtj L$jL*-ft3j-o L$J ^Lfl * ^6j£lf ^ >•% * 11 gr Umll 

. ^AilaAll JLtaJI Jjui^Lii * *±11J JIaa j^j(j t 4aaI^ J^LLo 

( j A ft d * X. .^M JUiJLfl f £-JDj LojIj jLk^il 

< J_lLJI I ^ y* u^jj j-o-ftJI I fl At*^* ^SJIj t pi n mil ^Lic <A nlitjl 

4.a x^fclLi ^jaiLjJJ jklfMI uo jL^ll l flILm jIa Cul£ t Jiuull 4* i‘wa 

.(^LuiiVI <$1V1 ^jSLlo! ^cJLol £-ilil ^JLfcjil Ij^i ^Jbj . L^-oLol 

C_JjJ-illl £j\ Ij^j * Ilijj t 4 i uJfl -A L^jf ^Jt Jl^JI ^Jl ^LJI jjjj) 

. ^ I4J t-i^jSlII fjA Vjli JL*JI JWj <flVI 

dilj (jLSj f pllku Jia <ill Cij L^a ££jj « ^sLAll i-iLjSJI 

i»iLnj jJj . Slj^-J/ 4j(j^J IjLij f j it* all LjL^a^II ^Julj^uil f iLlj <ilf ^uij^a 

Jxa ^ J| jj mu traditions oL^jll ^1 j. 1 r $ iijAjlL J.t i>lI ja«u 1 I <—j! j 5 lH 

J m I < p I * 1 ■ j r tjj^A <u!i j* ^jji^ll i—jjiall ui 4jlsIjII |> «511 Ja! <jU p 1 ij < 11 

jJj cit jIImj « l^iu YYAo J 1 -yl I ^Li3jl ^Jjjj . Ija-ojL.*? VY • ja^itl i^iA ^je, 
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O-iLt-u J i^ ^jq 4- jj^ fl-ll <«ajJI ^ Lflijl ^Jjjj . Mount of “Moses" [J« pl'*« ■» 
(Jljj La J-stjj V <j&I « <fc*l <jL^-o jj£| <jIj (JxaJI c l^j.0 Y*\V * 

. traditions dti ^ 

<111 j-ol < J-fjJI jLLcul Deuteronomy j « ■» ^ < JilLj 

t ^lll 6JJJ2JI (jojV I JLi^JI 2 (^Jc. 6J-OC <A^_o ^jLkjlu p IjLi 

. Jjjljjuil IriAuj Mt. Ebal J1 tif. J i"kj Mt. Gerizim Ij^l txij 

9 

* AjLudl ^uJaII ^ ^jl ft ih ij dill 6Lu ££jll J > ■ 1> I £Ujua| I 

— <fljLta j^bj — jJj^aLJI jjjJU (JI^j V Lolu t <JL&jjll ^LoVl ^ Jaj 

. Ijla Aoo 4£.UjjI jjjj V jJbj < ^aill <jl£ll Mt. Gerizim 

4 IllajA (JLowui . Olympus Mt LlJ^I Jjl^pLoj^II j^VI jjlcl 

. <-uLj^-iII Sjjj^aJI 4 i iti Ji ^ J^Jol jjjJUj * IjIa YA* * <rLijjl £_Lu jj 

(jLLiIl JL^. (jkl < IjILo TVVo Fujiyama LtL^a J^a. ^liljl J-^-. < 

. 11 n.'S n ^ /i Q -kj L LJI Ajjhuj 

Jiljlj < LjLtdui .-.I t«1« . d iii ill .-.I ' a~ «11 ■ ■ •■—< < j^|l ■ 

< ^jlLI I )<l 11 plait iu jjJj ill Ij .1 a ij < pi it till I JLi_^JI «■* 4-gJVI 

Ll^aLki jia I loA ^ya p£-jll • j^Ll^fl Oj£H Ch° lpj»- Vj 

(JSL^JIj i <^a^LuuVI j^IiiiII jju < jiulj^ll ^L u yjll i_ 11 tiill (^)U» 

Utarw it ^ ^Ijj»VIj < ziggurats of Babylonia JjL ^ J<*H <_i_c^1 

• <4TVI jjilt ^ill JLaJI SjSljlL j^ju ^LuiiVI ^‘nn ^ <£-.1 

Jjii JLiaaJI Jjui^Lui jli i LjUi oLaljAJI jL£uc.YIj jjjjJI 1ii-\i Ijl 
i.n*ti < (jLuu^lJ ljj£ 6 j-A (jJJj i UjLutL Vj| jLuuVI 

ijp Jjjj 1^*11 < » Ji ll < .Ittll { j| Sj jl < <LjLa_lI Jiijj -^tl j.L.1 ^jjll JLi-aJI 

. ^^jia-tljl (jc. J^JauaVl ^Ki.ill 

jU •- «il JI>L Alpine mountains <_JVl J l > 7- <1 --I-- -■- - jJLa < 

ialLaJI lif. ^LpIc. Lulj JIaaJI Jt CutSkj « Jl it itill I^yd jjlu ^^all LiUcuj 

. I jllljtui J^ljjUiul 
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(Jl n*l * OC.L jJLfl < ) ^Ajl <LiiL 3-=k(^sJI ftjjt <Jaj-iLI <- 5 iJI JjLs < liljj £-aj 
jj-a Voj « vJVl j-f-cj i j*.. j YN A <j ..i ^jL-oj^l Hannibal of Carthage ^^.LL 

, | |il Iml t> WlkJ 


IjjX. Lojlxfl i <LLa£hJI jjj Jl l^ll L° Ajla-fl < IjJb 
<^Ioa Pyrenees JLx^. ciaI^I < <Ljj^Lia V\ N 4\*u LijLu_uI 

UjIcj * l^hiiLujL ^IjaII *<^-LajQ i ^J^LqJ ^Jl Frankish realm 4 ajjaII 

IjA . LAiI Jl l.Tfc ^Lcl i VVA *Guuj IjLuAdA Lj 7b ft J;lljLi ^ui 


jjuju Li — LuLuuu^ Luajj-A Ja^LaII J^ll JLl% JoA j>I.ti < 


JUk t Jjj-i-allj jjja {jj-i Jj-aLoII JoiJI Himalayas LVI a t^ll Jl 

«_JVl Jlub jutl LoS ( jAiajVlj ^Ijin <ljj jjJa ju Jj-aLaII JaaJI Andes JjjjVI 

. IjSjhj c l^jlLlllu| JjJa J^lAll JaaJf 


4-JVI JUak JUj 

UMU tfV JliJI ijliai JjLa. ^lauijllj <4 jJaII Ix&J <jl V 

tuJlj < ^ £^Y <JuUJ Ol J U . J I f £)4 j^VI CJiLJI J^uO^ll u(-UjuVI 
^uijjaII Ja^LjJI JLatj jA Jaj jU ^fcJLaJI i Lfl t fl uiulll ^ill 

^aa igjt I f I^^Lo YN * * <£.La»jI jjjiij Mt. Aiguile J-ta. jLali l^oUj 4cL«ai 

. UJiA, IJLajiii £ 0 Jllij LluJjA 

JjLi ^oiii ,UA . vJljj A^ol jV JjaJI j.lnut ^uu^ill Jq^LlI Ja»j jkLfl 

<ji*j V <GJ jJLLau Jxail Ijjk jl Luuji iJL (\£^* - \ £V* ) Charles VIII 
j-=wl jr>-\ iti (ft Jjl 4 j1aj jl^ JLa Ol LoJj . Jlj ja jljl J-Aj < <lLA 

• ^oll CiLjXmllj ^loLaJtl JjSjj 4^-11 6J|j ^Lilil 

^ o Konard Gesner jim .\ ?% ^jaiujjLull ^jluIxII ^ILaJI ^Iuu 

t JjuJI ^LulL ^'uiiiui Oi jJjjj « oLullt Sjc. i ji (_JVl ^ o*\o 

< ^<ilf 1-1 1 «ii Jiatl <jln'il (jKj ‘ ^AtlaJLI Ciljljttllj ofcUIl ^Ijli jjc. jjj£II ■ 


93 



ji. l^llo V j J—V CiLIj i CjLjLuII Jj-a 6jjU ^I^-j| *« j\S iS A,v 

. <JLfl3jil JLxaJ! 


Darby jl>a ^jjIj ^iuu < <lJ(juiJI l^jj-ol jJjuaII JLu 
M lY <Luu < New Hampshire Sa u ^11 ,tii *La Sjnjlwi a jllw * Field 
i l^l& MW <£.tiuj\ ^luj Mt. Washington Ji.-^.i l^iAl ^aj« La 

jAaj i* L ft <Li,lj . f& ^ »l I Ci LV1 Jj-lu JI * LJLa. ci^ju Okla ^il 4 _a_aj0 


J a ^I ijtJL? 1 ** * 1 Jjj^JI {jl£ ^ < 4 j.x.'vl irf**t, J j\ 11 <ti^l I ^jfl CiLj i irfill 

. IuiJAa L^j I 


u^j flj ■ JL=JI JLuj ^juuoI jilt ujill 

< Li flfcjlj \ %H j^ic. CaAjII iitf3 ^jB Jjj 31 i *JJ3 Jjua »ll 13 a ^ic ^oV I 
l*oL fc ‘ ( JLaJL Jj u" j n JnttM pLoJaJI t ^jJajV I 6j-il£ ££jll jJail 
&LaJL CiLutl pLaJc. ^LIaI JjI jjj . LjilaJI LAjL^jIj t li jp aA^ < 

.JLxaJI ^jlaflj ^311 SLskJ (jl^i^JI p I ft If. ^jAIj i JLlaJI Aa^Abjlf 4 jjL&j1I 

LjujI JLa. Cali! t 4_t^L. <Ax^j LjJlil Ljjjl Auwll jJaif £-i-ujIj Lj ULj 

t_JVl JLa. Cut£j t jajmall ^Jc. — pLJjlII ^LaaI L Jjl 4 ^jjJ»JI 

. Lijill Ljjjl ^ * J«^JI Jjuj^LuII J^lal 

jAuVL mj) Mont Blanc jAuVl Ji-ail ufifl JL_a ^a Li JjJol 
£ Lfljjl • fl* ■ ^ ^ya jli| i IjIj 1 A* V 4_C.Lfljjl ^Ljj * (^LJI JjjJa J-iLJI ^jliiil^V 
N * * Jjuljj t LklLL-iVl JjJ-=JI (JI ifl iTi t Ijjuuj-wi <-oa]I 60Jh • pLjuji JjJk 

L^xo ^LjujS] I ^ja.V I 4-o-ftlf 6 i J a jjj • uA u.r>» 4 jjJa ^jjuj jt jIjjIj^ 

jkLiiVI utjiuu oniill itll31j i *_JVl JLa. LijjLJI jI^jVI j^lj^ jl>I 

t LaL jjjjuit j-xjJI jj ^In i * PLi^iJ i_JLla < NVA* 4luu 

(NVAA - N VI *) Horace Benedict de Saussure jj c^-i.uj jjuijj* 

6j j 'yl ^jl3l pL^Jill 131 *t m l 4 jLla jiljl ^Aj . ^j A ajVI J ial l 

^j-p Jjl LmqjI ot^ ■ LAj| ^j-^ill <jjiaj|l (juLll 

t Ji ^11 ^ij j 1fti-i ujLI jj-auB jLi t \V \* <1lu ^ <j| jjj . Ljfcylji 

*■ * 

. J_iaJI lii 4 aA jAAjlu jLuul (jl jSlj Jjjjiaj JdOt ji ^Uiii iliaj 
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<-JLa Sj^jLa. <j£l t (Jj-aJI jL-u-J jjiiuj-JM igjl 

j^lll jn^ iti jjl (Jj- 4 4lui c.f <lw Oj-oj . Jj-aJl j j liii tj jn"h im JjV 

^Aj < Michel Gabriel Paccard jjlSL JSuLo j-a 1,1a (jS , SJ>jL^JL 

< JLa^ d * ^ ■ >*■ * WAI ^luVl (Jj-aJI 4.-ft A ^Jj Ji i<a J_flj < «_t t tU 

• jUj 

<LJI (j-fi) . }L>L jlajil; 0^°V^ (jl JL5^-“‘J-“' J f-k uj 

* 1 -ft Q 1 u-it1 **«■** CifljlI *^ilJ ijuujV 1^ 4jut i ntI jjLa. 4jI ^CjlI ^Jc t 4j 1 LolI 

i Sjlj^aJI CiLa«.j4j ‘ (£j-aJI kiioll j-flf <uilr A^-Shl <JUs JoSh _l3j . JiaJI 

< JL_a.ll L„ n"t~i n Ijli n*i n ilskj j-cjj-oI , JjaJU ^JjV I S^laall A j$-> leXi < ^-JalLj . I^ya. 

. JLaJI i y a-i-o l _uSjj <Luilj_J _jill ^uclj 

^yl*^ jl 4_iAfl| I j*i^l < "Lijljift irtll olaiU J I ,q i i.m 4_ui In-ryV 

vlil j ^jl <-ilj_JI jjaJL#.! . oLil>j Cilj_' ~k~io j*i iA jylc. jy-j-ajj < d - .a~... - 

uaJI CiLfl iJrJI ^Ij <jl ^JJ < jljJj-jj l-n^if jj ■% II u,,Uj La ^A 

Jjl VC aj L^f <itjj(j « 4 j^A Sjjduaj I j i^ilt £-0 cL-uLljj (J-bj ^jq 

JjVj < <jIxjJI ^-fl 4-iJLa(j 4-ijp a«i a OjLS ol ft lUtl Jjl . Ja^l^Lo JfLuu 

. JLoJI JjjSj 4-Hj-a J^Iai 4jj.liua ^jl QjJl'-’w »j Cu^Ia lfl_j| 

^j-o ^ji ft I mill 3 ^-J-Ia jI jAC < < io If JUaJI uni ^jl Clu JA.fl Ij^Aj 

. 4jlLo1I oL^aL^ll i*l ^cjuuaIj • IjA 

Wetter** 4-&1 Alfred Vfills jL^ j^aIi ^ I j I ■ < \ Ao £ 4iui 

L^.c-Lfljjl gjn ^lll ^IVI ^_Aj < ^uajJI j g -iii ^<A A t {jL£ I ^-****- « horn 

^-Ic jJjJ JLi-o <j^J t OA^II IlA dill 4-aL lA i^jjjJLII ^ya jl^ dlj , 4 I^La TV, • A 

t j^ulill jljU (Jill ^Jc tlLuilIj LJ>LJ\ jljAJUjul ^Xo 

* 

. H L>t?k j 

‘ i r" LJa i>^ 1 jj-^ 1 u-° LmIj (* ■< -“ j ) 3® j ■= 

( jjiilJI jjJ 3 s ^iuiiu, j‘|) i hiq inil Luij(j i JL-uaJI nft t juLil (La i_iunl 
• U J* > *» I “ , I I Jc. ^jjJIIL ^jSjj , JLaJI 3Lu3 v_ijlaj (ylll jjAll ^1 j»-Aj 
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Jj-ltl jAj t (JAIjVI jJj-aJI j| 4jft_l_La. ja t 4 «*ill .1 t_jVl <—<loLj o J^h jJj 
^ iln^ it illliA jSj j»J tiLljjj t I n al...~ 4- il i 4 oft Jjf < c-JVl ^aA 

^fl i ft "^11 ^uLiiil Lculj 6J—aj ^I fli jj I <jSj jJ < tillj £-aj . J ij ^ ^Lfljjl ^JBj 

. 4jj» i«nJI <^jjl 


jjjjwc ja 11 (£^ll * JLJLI Jiijui ^Jc t Matterhorn 
JjuaJI <joA ja * IjJ-o 1 1VA L^c.Lftjjl £_Lu I 4 -aaII 6 J 4 J * ! (Jj-aJI j^ u* 


4 Icj^a I^-Ua fcfl*ii nn ^^JcV 4 a 1 1 LflK 1 4 l^lo TTA 

^aaII ja ^xLc J<‘“ 1 jniu Cut£ jSj . ^JUa-lVI t_ulaJI ja Lg-ilj ik. 




>Vl 



. I r> ^lll 


(\A\N - NA£.) Edward Whymper j.vailjJh JjIjj] ^3-J^il jUS pL*. 

Oi.*> vl4uj JjIjI . jlui.ll! 4 m * a <i lr £ jLiaJI ^uijj! i_JVI ^1 

cuLJI ja ULI jLui-J oVjL^a 4 t, i.u jc. Jaj ^ Loj ^Lfl t j i uf. ^.uiLill 

i_uL^ll jcJt ol^II iS^ 1 4->Vjl n ^H'V CjpIjj 4 ^JLIqjVI 

> illliA (J_l=sJI jLuii 4 jI 4J Ijjj < ^ujo^uJI i_xiL^J! 4 (JxaJI ja ja^VI 




t 4jul hi 4Jjl. -* n 1 aLa I njifc 4 01 -uJI dJjJt 


j^uujVI 4a >q \f|j 5 !_jlI 4c.LuJI |jA 4 ^ A"\ 0 jJ^j ja jitif £i 1^11 yij . I 

^ -wt Ij 1 Jj^J I p Lxi | 4 j I Jii . 4 j^Laj ja 4*1,1.41 4iXi^i Jxai I 4 aA J> t n 4 ^Jal I Ju 

4 Jl^iVI J^l jljjl 4 (Jx^. 4 Jqlxu(^j ^xVLj Ja^j^a I jJj Oa.(_jII 

LX&t tT^ jklj-a^JLujI fjA 6jUI CuL^ . JLl_JI jlj 41 *1 \ * j « "*• 

^ 4 

£-Lujj j* *sJL 6 »ih n tttj * 1.1jaa jVjjVI 

. (jl Jjljjj (Jtl 


jljjl ‘~‘ l !l a t d ..jCIa ^ 4-fljjia-J jVjjVI 4 6^11 6JJb 4 iillj 

. ^jl^JI illlj JJUj 4 <^JLj 1I jaLuJI Lai^Kj 4 uiLuJ! ^ILllI 4vJI 4 jJ| uia, 

ol—a • (J-L_aJLi ^ la .-^11 ^JaujV 4 ^jIjII itill jJJ JxaII ^ 1%Aij 

oLajLui Oalajj . ja U^lj jLfljj I ft ijj < j ji I n i 'll 1 ja 4 jUj| 

-( dttj t 'jJc. J-Jj jJ 4 j^ 1 4 lxa£r JxaJI ^Ufli SL^JI JlaS ^yic. IjAj Ija. 1 jU 
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< JLlsJI jl--* jLflajj £gl j* jJ^il Q o l i 4 tj l t il 6ii 

• jlaLail <-oSj u* ax^-ji jl ^1^ <;!>* i r > -ki . rt 1j 

< <_iJL> Ojjlloj ^tjki J^c iii>Lu jl < JI^^Vl uIU iji 6. l>j Lt^j 

4 " r ^LiAi i 6JjJ£ CjI^AjuJ |k^Ai C»Vjl % a AJ£ JAI 6^L^JLLa ^ iu IJJ 

jujI jjfe 4cja%a j1 1 ill Li! f.Ll <&lj Djj . (j^l JLatU <jjlilL jl| i»j La^Tu 
l^ya <ijj« .>%M <Llc jK« 4 -&aII ^11 ^ ^ J i l rt lV I j^iLuJil (j-o 4c.J ft ^ n CilirtJ 

Ji«i jji Ijiuj^ll jm VI i^ye JLaJI jliiH ju*ai < ^LVl Aii . ^JUuVI «_jllaJI 

\.jc Jlj V Lb 4—b— ill IjjLuu 6* g-k «uj- 4 ^ (j*J • ■ «j 

. I Irt%<ti Jjtittl jc JL V 6 ^olill &JJh jl Jjil ^ jl j* ^£j)l ^ic i 

s*iVi ^ijj u 

jliiH jii < ^‘*^11 ^j.-b‘JI ulVl JLh j»~»< \ AV• ^lx JU 1 ^ 

j*^l jji i"mi jl i JLi. Lb i ulVl JLlaJ . AiiXc Cilju Jl— *_aJI * ■» b IjJjJI 

^Jtl Jjfc IxjI (jiul < (_yr»_l iVI (Jj_aJlj < I f I iijl ^11—ail j ji 4 _l li ■%!! Jiii)LuJI 

. fJLJI ^ LkJI 

fj « 4j£jj-»Vl JLl^ ■ t£>^ t^L“l if* liVjLa-* CiJ-*. J-ii 

LLijjl Jil <baII tii (jl jjt i <’■■■ Pikes Peak tiLL iJ j !-■■*» 

• JuJI (>• 

if* cyaxiVl J^aJI 4-J (>a ^Jcl 4 _ il i ^ 4_B-i JjU 

4*iljll ju>ljVl (^i < L^ji (1 1 1 mi LIL iJjju (^jll 4 itiill iji Mt. Ararat o^ljljl 
Jb-sj j^lil « ( jBiha ll diljljl ^ La^Lc-Ij i (j l~» «i Jj^sJI Ij+lj ■ L-mijjJ (jljjj (j-u 
. Ijla T0A _J (jAnVI (Ji-t>II jc Lliljl Jkijjj < IjXb 0 \ "\o l^r litjl 

Johann Jacob von oj^L ^yi ujJLu ^UVl ^.Li < N AVN <1^ ^jj 

ciljljl Jbaj < jluilll p 1 11 1 nil % Ij *1 *■ Jlli (jlSj . ciljljl Jui jiiLiL Parrot 
i (jlijiall JJU yi 4‘nim <i)i 4jLf-lII Ciji'iml ££jil |J ‘^-11 jl i Ci ljly JI I« t~i 

. iujill <B j ii n il L(2j jaU IjJaj (jl Lulj (julLall jiaI^ihVI jjlj£ JbVI (jlij 
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I CjVjI n < (ji ~>JI ulij X-o_J < 4*i> iml jj| CjjLi t *i $ -fl X-^J 

(Jx-ftlL hi j»J <jSJ < LL£j Jj-aj jL»^l ^ <i i ill O-.K La I'! * ■«■ Ij < Jj_aJI jLull 

• £*** f lS^ 

Cjy a i i n (3-^ Jl 11 ^jll 1 Citlaltepetl ) jJb i*l t >u^l I ^ 

6^a J^l O i Kj < l^w oV* • L^tLijjl Jjhajj « jjj£ l^ifl uja 

NA£A j*L, 

LjI ^y«lnf. ^-a-fl jt i'i| i*^-u ^JlaJI jj-fl jluJI alj-A IXi 1 NAY• <lui Ju 4l| Xu 

• !+**>* 

< Li 5 j_^il ^ <jijaJI juaxll jjJcl Kilimanjaro jjUlJS Jui t&i j*"g~ 

< ^j-iq yu iLuaUil i_^iai YN • l^g-*■ Jujj < I i'il?> £-a i_^l^ 1 Lulju 

Hans juLa ^ili Ldh ^LuUl ^L) i NANN 4lm * oA^o L^xLajjI 

. £Uuj oJtf I aIa jiuili Ludwig Purtscheller jjKml jj goijjlj Meyer 

Half- jji^Li ^ il t*i )_i Jli^ ^iuiiA ^Ij 1 Cil^ui j*-* 1 dij juj 

0 N NY I ^ r I ^Ju) ■ til I ^au < 1A1 -hill I i*u^ Jja 4j>i jLiiL ord Mackinder 

. (_ t Jia JLjuI IjjjjLS YY • xtu j t Ijio 

JlioJI jliuilt jl^ JJj . ULJI 4 -all * “"■■■I <) l >‘ln iK C>1 jjl Xu 
JL)IJL? .» " J ‘ M JaVI juaj (jJc-l (j-o Sx^.lj XatpJ . jjxYl JLua* <l m lia jluu 

Juuj 1 Quito No* j « yi j^lJI < Jjjl^yi yi Chimborazo 

^iljioJI Jjl» < JLaJI ^Jlj . Cilj< Sjx, I jilml iij . Iju *\Y*\V l^alijjl 

JxaJI jl--~ (NAp^ — N V"\*) Alexander von Humbott jjji ..U«H 

^Lijjl yjl Jjuajll ^IkLuilj I JluaJI Jl u . ~. t *04-^11 4_r* * ^ Jilji 

< dlj . (a yAuVI JiaII lot Lujij ju N • •» ('fid juju ^jll 1 Iju oV*V* 

. iJaaII Ixk jt ^ irtUij La ijlli 1 Jj&II lal yll Juu 4jj itiin 

jail 1 4 ~il )V* ■■■■ (Jjla. *1 n Ji gill jilj jjLufji jliill 1 NAA* tiu ^1 
. jj-» "N • • • ^Ujjl ^^Jc.1 <aS ( j 11 U~I Jjl JjK jSj . jju_)-a iJa Sa&Jj 
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<Luiiuu JllVl 4^alli . loa ^ jJtl I ^aall jaJU JllAj 

Jj—a. 3 a « ^ I J — M il {TjLa. >A| 0^-® ££* U® ‘ iJ*- 4 ^ * J l « > 

j it ijj i (ji *i%jVIj ^ Ij it jjj jj .1% 11 ^JLc ji ^jll i Mt Aconcagua lj ^ I. S I < ySjl 

Aj . fjJ4 * ^iftijl J-Luj € ^^LluLui iJJjUI JLoaju j \ • * 

jLmu Edward A. Fitzgerald jll^iajiia . f . < ^tLuVI JUaJI jLoa ajLa 

\A^V <lui ^a Jiftll <a5 


^2jj t Mt. McKinley ^tiSIL <&a ^Jb olLdLutl I^^aI ^a 4 aa ^Jl|j 
jj^j Vj t Fairbanks ji&Ljia yjc IjiUjLS To * j« ilj < KmVl ^a 

Jaa. JjSJj * Ij4 jaj Jja Uliljl Jal t IjIa jt L^jcIjjjI 
^«a ^Jl| <1a Ja&j * <JLau 1I <.ut>all S^jUI u^Ia, jt IjjX jjlu V ^jll ^ l*i^La 
4lu |j8j , 4iLuii ^a Jj^j La Ijij t ^ILwII ciLatl ^a 4^itI ^ILaJI (JLt^ 

^ 6jLi 4 juj| ^a 4jj^a H-Cj-aj^a .~.fclLt "■! ( \^\T 

(\^Y* — \A1Y) Hudson Stuck ®^j-ikjVI ^ir> 

. 4laa Jj'vll ^LuiL LL i^JUftAA JAftll J)A fJLu ££j)f 

Jaa^Lui ^il 6*1 jIjj_o Sjj trtt JLtaJI jiiuUA t <j| J-U 

jojVl ^cJslui ^ic. JllAj . ^JL&II J1 |A ^yitl juAi ^lll t 6J Si II LVI a i jil Jl i y 
JLa [^ia 6 ji.*kVI ^o fl.lI ^£ij t ji-a V* * * jj-a ^Jcl liiiAb <Aa (jUUjI 

. LVU^I 


^jILoiiu ^a Trisul 4«a ^Jb I j al ...» ^aaJI t»±A i^a J^l ojI^j 

t Ijla VYN * l^xLfljjl . ^Jjjjj J^ia JLaua jlajLi^ X • * >1Aii jlll i alftl 

\ \ * V 4La 1^ uiLa uaj 

Communism <juj^SJ I loill ^jb (JjLJI) u -mj i^uall jLajYI <Ltti 
t Pamir Range jj a L JL i ^ ^IjhiLh ^4 * I^LdB Y£^o L^xLaijI ^lu ^Jl < Peak 

NX* < 4 ml ^uJI ji Sj. ln ^4 ^ij ^4j . LVLw^JI j Ll'i o VI ^ail 

^|| m l I Ckuijull (jjil mil I j« jiji ^IUl.■■ |j t * i'h.^H JjJajl ujc Ijliji^ 

Nur 41*1 
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t Kamit «*«*■*!^ *Iaa ^uLiS ^ V < i j-»j^. L&aj j^ju^JI I j-a *■■« < pllj £_jo^ 

dllj JJ-ij . Iji-o VVo'l Lfxliljl £_Lljj i Jj-uxijj ljjC JLqjJu V* Ja i*i ^oll 

^ *- * I«JjLi Co-fl ^jCja^o CuuLi I a > t r t I IjJt * >L-^i ju c , Ij * "* ^* * 

, <tat->‘»t1 ^y t a i Ijla VANV ^_Lj I Nanda Devi 

jt L^^l&Jjl 4-O-fl J-ljVl ^Jb ( tllli^il 4 _JLjlII JLtaJI ^O-fl ojI^ 

. Cxill I j JLlu {jAJ Lo I ^ic. Ifl A £JLjj < jla A♦ * * 


J-6 ^J| li* J[ t ^kll jfllml ft tJ-L^jj < l.flfl A-U j* A fll I 6JJb JjlAJ Cu K 

<J_L=JI * * fll I < 6jj- 0 • Jj* i-l^flll ^Jj a JjLoj 

* yi.^J I *U,at|j Lfl^tit I fll I ijA <JLul I ■>*» * *Ll_}JLa^ t ^Jh 

< * * flH pl^gJI ^jl J-u , vJLLA pI^JI jl iVi"i imI (JjbVI ^Jc. jjioJLI (jl£j 

. ^LfljVl Jiuj Jlu Jjfl ^ ft Jil (jl CajJ LaiiA Jjli JLujj pull ^ 4 njlfVtll 
^lll 4_lq_A I Jjlo JLirJI ^aLlu-JL y.ta.i.u'CV t ^i£,j| Ctxu^l < I 

, c_i!*a 1I ^a«M^"u<i a CiUVj 


Annapurna Ljj^jjLjI Laj_$_a ^ju j*i^1 i A* • • L^LajjI 4-o_a Jj| pjl^ 
i-fl ' '*1 1 fl < lji -0 A * VA ^ A * fl ^.tl p I fl>jl ■ l> ‘* -- t JLi i Jaxu^ JLa-ili ijA 
Maurice Sjl tit ^<u^ jj_a <'**** 

. Herzog 


N 0 * Jjujj < pullj JLu 1 21 ^* >* jJL*JI JL^ 

^‘uil V S )»uai ^^oY 4lu> iji Vj J.l%i J=JI J^a l_^xajI 

^ai >la.jj Vy i jja AA* » jt Jjjj <1 4ai ^Jcl I i nil plnlof Oj^ t-il jij . itliiilI 

. IjJLi AA£ A LIU. ■_■■■■ ~-j 3 all I tjfl J^JuIl ^l£j)l(j 

. Li^jl Jjai Lii Cilya ^Li^j i jiujVI Jjall Iti Sj4 \ , At ^lu laill *j^y 

6XaIj iy^y < (^JLaJl I <JV 1^ ChOmOlUnQIHS LaAljj III CojII (*)Km Q*4Mjj 

ML Onjij Jjai * ~. -...~ < ^A*lo 4lui !jii . LkyjjSi (y I** -" kJ^ ^ JJ* J t >~l 

>li| 11 ( jJ) i&Luil ^lc yUa uirtia Jioi ^jJI Cuuyij ^ ^ ^juil ^-Ic. < Everest 

. ^A£r u ll ^Axr j^Sjiiii 
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4 luj JLl^ ^al. .. i ft d L. . j.Ij * JjJ io Q^fjl 3 o ol*Oi 

George Leigh Mallory J J^-ulaaJII ^iSll ^ jLSj . 

4JL1U. I i^l La t Odua^_fl| Jaa jlmi ufj I jLL I a Sit I < ^ N ^ Y £ — ^ AAl) 

p I jq *—J-«-a_JLlJ ui mil J-A I Jjfcj !<iILLA <jV 4 a 111J Sj—ak^JLI 

^J^uull qIjL^auI JjJaII 

Iflcrl i j-0 1 fl j A.1 fl"t Jj-ijjj ■ jj*" <lji ^j>ILo Jj-olj < \^Y£ 4-±4 -u 

TV • <LflLuu~a Lo^-jjJ^Luu jfcfl fll"k IjJia ^j-toJI n~il I 1 nj ilA 

. l£jA.\ 6j-ft 10,1 J-^l 1 a, AO AI MM t mil (jXX Lj(jU illlo JJU t < a fll I I^ILo 

t iJLQ_^.yLj . <-ila a jJj ^—o^JI jtjj jL£ t \ < \TT <ji,u ^4,5 

Cj IjO 'via Cuujjl |Jia ^juLla! pVjIa o *ji.m \ A 4_lu^j N ^ Y N 4xui 

. JilftlLi l^nO p Lij « C* I 

^ ij 1 ijC.j \ jtJI j^ill IOjj t \^V^ jfcLt <j_jla)f <xLLaJI C*ii7m *lllj 0 _ju 

oil^J t ^jitl 5J-O ijjVil I JLaJI jiLula JJLuul 6 jIaJI dLti . \ ^ £ ^ <luu »"*«*!! 

t ^1 1 Ji ll i_uUJI oVjl ^a £*}Lj C*J*> * ^oYj ^ ^0 ^ ^y-aLc. . A flit a Cu-lII 
^ilj^ 4 -aIII jl, Am Ci-il^ oVjLa-iI 6 JJb Jj-a ^^Jc. 1 I j QI ttiflj 

. jla T • • 

ol* 1ml ^Jl A la-r^l I itLti * d I jj^V <Li(^ill iaik&jll t \^oY 4lui 

t tJ$j\ oljf^Ja-uil Ig-UB ^.V^lnil OJLfl . d > tall I Liat^l^j^ll Cjljl^-aj 

j*jj * oIjIuljl^ <-uLa!i o« \ ii oij . IjIaj ^^1 ih^UI 5j * iljLxJI ^yilj 

■ u «J^4j| Liij^ i \^oV jjL ^Jja jjjjJLXLJLl IJ £_UlLill ixlajA# ilj jAl J J* 4jttl 

* Jljjj Ojjj 1 (gjjl*iJaj |- Edmund . P. Hillary ^j)Ll 

• f***** v 4 ^ ^le-1(-' ^ Tenzing Norkay tf&jjl gijjj 

i/ilj ‘ SjJjC. olJ-O CiJkuj-fll 43* Irt jjSj < j>=JI Olj jltJ 

■ Cjli yl] jS jAI jl jfla * Lut *L2VI lit ^ 
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I—« .V -w yll Jtj £-a 4 i^l < jjlc.1 ylj Jj Jt w-tll ^Jl Uifl a V (jojVl Jt-taaji 

nl B 4 • 4 11 < <■» 6 n ) < fit Li Cmnl L ili 11 jjojVl SjJuJl jV < jLwl ^Jl i J t'u ll ^J| 

IQ </ill jV jl t 4_ufjA 4clii Jja. .In ^7i ij|dbajll ^bull jV Lai < i—ibjl JilI Jajj 
. UaH illlol 4^ «“'«j . ^ullJlj jLJ.1 aLu Jaij Lajjjj ^Lj (jLjUl <ILIill 

* 

Je 4 i.vaJi cul£ jil . jLaj^U lili^ (Cl Lo i_ijfl < sll CiK iJu i 4-uloJI ni/iall 

jij . (jljilll jilja iLuilji <ljfuu I j*i\iili jSiu jl^j < Jiiilallj iuijiill oliljiall 

< ijjfl^ll !jk (£j_iLaJI Jia.»ll Jej Je (£ja.Vl jliVlj CiLij 4 ~>ll Ja OjOJlJI Cid^J 

Ljlill oLijil ^ ^jVl JIVoll J ■» * oLaj-uij i-Sj-fiJI 604 jAxj 

. jLui^J 6 JlJi till 

■ tf ann La jA « ^JIoJI If* j*Uai Jjlal JjU « (jjj*-a jA la jj5 (jJej 

uj£ \ro ^IIja '* ■* tf oJI < ji Cave Mammoth iti^aL 

^ol * || » » 5 j^ uaj 4J&I0III c>LSjlaII (jl fjll ^ 1 l~i~t 1 <ijj . Louisville JiLuu^l 

Hot* illjljA 1 jAj « ^ ^Uai jLl~.il Jjlal JjL • fiJ ui*a jJkj t YY'Y 

. |juii^ui ^ loch Cave 

cJj 4 ^ 1 I 4_uiljj Speleology t iaj tK, \ mil ^ 1c. ^ nnI jjj 

‘ ■ al .tX~...l guadfj < jut ^iiiLill jjill <Ll^j u)i 4 ah in iuiljj ^[^llujSlj 

. ^l|~■•■ IjJj ijluu^l <LIj 4 liluil Ijilf. jUu ^ill) SjJiJLI CiLiLjll ja 

Antonio Lind- jliiil jjijlail J&j Jlj < \ A£ \ JL^jI ja jajLJI 
^ a 1 4 J&AI (^l| 11j I mo ill ^laa i^lljli&j Trieste ^ i < ja ujilL I ner 

I f lull (ylll JaLilli J.aC.1 Jailll ilili Ciil^J • tnAf&l J^Lj-a (JamjI Ijla YY^ Ja X 

. jiiif ^ml~ill (jjsll 4 »Aj 6 *1 ) L> <La^lc. Ciltaj < Ciljll Jlj (jLuail 

uij^ll Jit I COiJ Jil . itilA Ij il 111^*1« «l I U la V i |*|< t aaill ('iul I .. I 
V SjA jA 1 l|.aj ny l^iar I jl£ l‘.lf jjj ^Jcj . ^Ijljial jjS^U Luiljj 

j . (j*aJjJI JLxa. (jj>c (ji Gourffre de la Pierre St Martin jljLa jujoaJI j*jj 
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| | IdUJL^kaljUJ I 4 £^OAwO *—* ^N ^ ^ *“* ^ ^ I A 

. t a^H (J^JdO ijA Ijxo uvr 


J I f Jo <j£l , jl£o fg\ Ifi jo f I J T o j j V <11 Jo ., 1 l il 1 * 1 1^ «j Vj 

Jl^ 1 1 " K J ... 1 Jj I j" t Lo . All jV o Ijdi 4 fl 1 of U^j J^ll AJi ^ 0 ^1 jl J o 0^ 11 

CtLajj Jajuj « LAjI <t^uo S^I^aII Cil^jJ JjIjJij ■ < 11 ft 4 All I j^inf I Cl I fl oli ojll 

< yj~'\ s ■ _>lo$L£ J-» Jor. ciLijj^j <»l g-oj U* «A llj SjljoJI 

I_jJLc <^jJI) jl i~if.Vlj i L yajil jo * < i->U..i U U \ iA IL o_i^_^ 1 Ls clljJ 

t 4 JUJI ^.ololl Jl J-UI (jo-n<a 5 I 4_jjlill A — J njol l Cil — • IjjsJI La 

o^J^JI u^l Ji^"i tSA^ C.ljU-a J>?JJ (<k»lfH 1 on ■ - <■ 11 |k>li 1 jjij 

. <> 1 Li» jlS^I ^LaIL i jA 

< till jc I ^ « ^JjVI n in all j_La ijojVI j i "kflj JI ■ ■■ WI ^Li < llilij 

. jljil 6 j-A ( jc. Iotkj SjJjS 12 Lac. I jiJI £-L jjflj < JjLlLI CiLoH. Jc jl 

YYT. Jac. J^oj < I ^ jjj jia. < lllUjo jji 

■ ^ «_tj ti i 4 joy u 4 Infl I jflf I O teirt < Ijlo 


tr® ‘ J^ 1 * ^ li* J-° _A^I J * "> ■ J *" «—»-*3il Jt <l ~k .i ^ jLiolV I Jlji Vj 

Toi • Carlton ville JLiplijH Ux&l J - «* j_Lj < ^^llll j» ^ i I.«. yj| 
yla. p Lx-ILj Jj >i-JI JiLuj joLlVii ill i < Jooll I JJb jjcj , ^ Wt Jj^jI < Ijla 
Jjjb jltj . 4 -J-ILhJI SjIj-^JI CiLajJ ilJij Q"k*i Jo-aJI 4l--~|j - ^^lill JLo£ g. iti*i mi 
(J-Ic-Vl J. ~ > mi l Cjl ij l n i-o i U 1 I j l ui ll Lf ic, OjJ^jll Lj t ■ Jfjk.oil < LoAjI Jo .fcll 

Ija jo ^ul jiiJ Jl Jo jLuuVI jSloIi ji JoIm j|j . jiill jL^iV LlLi l^lal 

. 4-o JAao La.jljj& -liA.~ ...I JjJ 


‘ ^ V-t - ^ -0 “tT“ t-M J^“ J*»*Vl >LaJI >Lat < dll j-oj 

J* 6 i/IJ i ttMk « Oklahoma L^l^jl LJLa. JjjIj Joe -1 

Jjj* 4i loiio 1 J—ojJI I j—A I floj-oj ,j-ill LiLuiil j. LkHJ < Ijlo \oAT 


Cuiijll Jjoi 
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h.^l 


oLaSI gku. 

% 

JjVl r LUI jL^ (£jll jjL un VI (3^1 ^LmuI £-® 4 < J-oLjl1a Ij£ J-ftl 

jjj 1—0 (J-n-ti La ill Lj I if. 1 ^ t I ^-Lujj 

< ^ojVl Jt-loj-u 3-° * JaaIL ^Inflj ^aalLft Lcufj . Jt-loj-u ^^Jc. 4 fl i r t t a 

fi e 

. Ixij-Tk. Lflfll jJL> I I jl — <jjjljjll VL^-a <Glj Ja» jilAij 

jl^ JJj i Cilk i "Jll pLajI LjLLJIj < if I^i * til I i ^ I^oj j iti ill uL^ 

^ ^jL-fcVl jfchaa ^A j-iti ill |JjbLu JA>A . Uflfl ^t Umll ^Jc, SjL ui^ii ^ al n"i&l 
ijll n* n Vl Ifl i fl (jtaAJ ^1 3^°L1I ^_Aj — ill £«JLuj 0^4 £Aj < sA mAII aLJJ 

< Lj^ lalll <Ua.Lill Jj-o jkJAlj LfljL_a£ pIj4 j,i?u 1 < ££j-A.VI SL&Jf jJ-^J 

. ^jV I ^Jaui ulc 6 Ll^J I 3“ 

Homo sapiens ^LuiVU < jm]| jjlt LoLcu pLjl ^Jull j«"*» V < 

JA? Ul ViJ cA^ ^ oUf^ v>^ (L-a^J" LtJ* 

4 OIL ja ( cjj JulJ pHI £* Lt-a^i I A ** f Vj) pLLI ^ fxi-ft-i <GLa 

• dliAj ixA 4 i^Lsb \jfc j alj 9 jSkill ji Ijsuuii (jl — (jjljl (jj — ^ «L.*I. ..* 

pLLI ^A Lb^ j i t at jlj J hi * j r. itii i {jl oLuJull 3-° Jj*i-*JI ^ *L" . 

p^jujJ fLai Jj 1 M ** IJ U ^t*i yjfl <jlxuLuiVI pLA^I jiiSu 

j * ** 0^*^ ^LuljJ jfc-ii jajVl jlfl ^Jhjjiu Ojjlafl . £^_JI olltJ ^3° Ij'^ i Ja^ll 

^] tjl j u iVI Jj-aj (jl laj < pLII , aLJLI 6 pLa£j j)l, «-*l V * ■^■■’ill 
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ijf 4-i Ic. uvt p^uJI jJbj * 4jlj^VI <(—fll^Jal ^>J %"u gjj t ^jj^l ^IjJbVI 4j_ 

. 4jJc A valid 4 


4jljjVI 4il^Ja| ^LkIluI I jfcla*ii Al * tfl < dlj A® 

<-*-aLj JI A* i.»VI ijuLlII A° (XiklJfcll ^iIia,*. ubij < 4 jlXaJ I CjL hQLi >11 A -0 4^ Li null 

Ije Lu Cidj (£ I 4 a, LuJ I 

AI ^ »k *-*'* * La£ t p (JLI La Loj jj cJLa 4 . 4 i.uaj ^-ij iii AI 1 ^Jita"ii.uJ 

. Ij^J |JLa 4jLi Ll^jO J.AC. A^^^^ < dlj £-qj| * pULI Ciaj jl * a * 

< LLI ^ii ia 4-i.fl Aj * ,iLi i.u i I jJjJLi V j p Lt I Ci^ i I ^ju LilI ^ila.LjL.a4 V 

. 6 J^yJ"L ti 4-lLoA SA*^ pLLI * 4jujjLoILi Vj lj^ ljJvj 


^ iL~ . 4 u lull) jt>^aVl A“ 6 J-L pLU Caj ^jLJI A' j ><WI e Lb JJLij 

(jdoillj) . 1 A"» tfl|t pUI CiV» pULII 4-LjJo jlj4 SjoA JXJ ^» caj ftlU 

jtil A^ f A* (S^ 4 iah’vIL <ija »rtll ^^.Vu ^-fl ^1 nr, J a 1 ^ 6*il p HI 

. jAlj u-flA^j 4 j t A 0 d ^ LjJLI JjjJJ JS Sd.1 d£ jj-A nj 


6j^oj04 pULI ^-Ir. t iXu A 1 CiHIjl&aJI j Cftj < JLJI 4 *\\ U 1 3 

A* Ij-fl 6l jfl II CiLlj4.iJI J-lAa) j 1*1 t"i L^jLti Loj A' ‘J 

p(JLf **»•**■« * *II oLIj-ljJI 6j-A '**•* 1 ^* tiij . p(JLf A“-*jlJ 1 4 t j /i jVI oLIj ia!I 

jjlj L^-lLa t jdl ^Jc jmuiI oj uA^Lul A -0 c * jd *-* I44I A -0 
^j-CfcjVl Ij-tiLc. A*^l L$£>Luf A -0 jlu-JI iJ n ~k~ . pULI JjC. I Jj».i 0 1 i » 11 

iy Je. pl^fll tjuijUj (jjjjj « Jlill jjJc- . J-a=»j ■ Ifjiltjy Ij K < t< ^ya 

^Ja-4j jjIi-jJlII l ^j lfc LojSLa_o till3 £J> (_p*J < plil Jja ^1 1-4^1 <Ih“ 

< (jlL-uVl ol3 fjLu^aJI j- < Sperm Whale jjIaII oj-^J u^*j • l * > ft » 

^3 411 t_ijVI ^3 oj^JI tjc jSkj ,ji < itLjJI ic,Lu» 5 j1 pUI oaJ pIJLII 
. LIjS pULI --•^' Jlij <G| IjSSVl bottle-nosed whale 


jljjl LaK pLLI l-i jAjjj .*•■,->■ < pUI |-|->~| Ij tf j (JPV^aII (jltuiVI til I HJ V 
■-.I iKl I J t y £j Ltjjcj . p 111 L,u i t , i lI p 1 S.lII lj^ Ct ^ iuJ ^tiuj ( 3^ *11 

oljlall | » HM (jjjll < jljlll < JjJall tilt j4j!I ^jln'imj • Ljau 
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jjlluj t IjXfl \ 0 JaC. jajaII j\ ( 4l-fc i.A II ^ r* .JI 6Ixa 

r *lllj Jpa jjSVlj - pIj^JL Jj^jIlLI j"w.a1I ^J&mi ^Jl lj.U mj (jl Jii jjlliiJ 6il pUI 
^ilaJI J ^ * 11 ^jVl SjLu^aJI Jj-f-c ^ i*Uaj (jJ-oj-Sj l>»L£ ^j| 

6 j^^| jjJj plXf 0^1 j3-u>jij I j ** m 4_uj_aJI ^LfljVl ok i n j . ^uijLftll 

4i^Aj p IjJLM jt <j^i ^ j-ilxll Ci>^ jl jj£ < Ijlfl V* Jirtj j-i JaaI ja^£. 

. jM \ * * J^oC. 


. ^ *i f I jj Ij ft.l ■% *i i ttl L_o Ijj p (JL I Irwoi i Jl t i j »ti Jl ^ «L»*I *.. * 

tfLi J..AJ V 4j| £-oj < ^LduJI 4 -*_u-lLi pI^JI £_jLa *■ fllfl .^. pLtac ■*M\| a 

* <fll fl i t i l l * Li Ijll j y a **5 ■ 4J^ui <j^l Ja JSVl ^Jc ££lutll 4 jI Vj pI jJb 

I j **^ ^l^LuL <L> j .. tH 1 Ij^, 4jj|jj t *i lj.W l a>a^.H SL&aIuiII ^ ^ a dr- j*. .-*1 1 

. ^ yljll u^l ^ or-^l 5^1 J-b* M A* 1 t.ul JU < J1a> ImpO d^.H . ■>■> 


^-4juLj1I 01 ia iu-u GI&SS G 099 I 6 S 4 i^kLajH JtL^I^-^ll ^IkiAXuil |jij 

L^jJjJa ^AOJJ 6j4iAd uojIjI |jJ jJjudl! oLui^lj (j*J • 

ftljl 1 n^ jj pLL I £C-L*_u ^Vl 1 —filial I J^_oj ^flJI 

^.'\% a 1 4-ajLL| 4 nK ^yA t <^UuJI pLjjl p LLI o-^~i 1 j..»<‘ll 
J)V < lj^ 6 jaj£ ^1““-^! jj-lj J^-ba^ll jjic. ^lixu^JI 6 j-A Jfclim tillj £-oj . pULI o-^~i 
(5>aJI iaip^JI ^ jjSl (jtS jXuoll ^jLk jjJc. p HI Jaia^ 


■ k* 1 *"* uj 1 < m Ji tm. i» j j(j ^ 1 ii ij jl jipajl |.|» i—>11 ^ya £Uj^l <Ja^ jLocI 


llfra. I 1 1 i ll I Ci \ f , I » 11J t <^JaLlaII 1—ijLc.j - I * ~ " ■ •• I Ijj < \ \XX <■■•■ 

SpIa^j p LL I e» ia~> jajill yk uiiLc^Ilj p ULI cn>j ^uiull ciijJ(j 4-L^l^jll ^aIj»JI 

. 4 Uj ■ I 1 1 1 I 1 il l Ciljjl IfJl I 111 cits yjll 6 jliJI ^yb J^Jal <iipj 6 Jiilj < <Jl£ 

i ^» n JjJJ . 6 j_uiLj—a Um ll Ci.-w j V| A -a l t mi l (|n$j V 1 I JJk ^j-a CT^ 

‘=^* (‘jj ^ ,jJc- ciLu.jLJ.1 a 1 a ^ jO^luJLI Skin diving'U oajJI ■ ■■■> !' 

. Jaii pLaJI ^a.jtlll jJuJI 
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'—AjL-Cjj £LaS-j 9 ^Li ( <L_ljLUI oJLLaJI cjj -HI p Liilj 

Cjlj-£ll di fl J. "fc* ». r .*ilj . p HI Ci^i C.lj^i-iil j. £\}llaj_i_u Lj 

cjI^^aII I * ill <iilj jjljj < 6^-0 J,V frogmen ^ *j j ^ * 11 ^ jL&±^il <LJ LL^jV I ?^l. ..ti 

■ iSJ^ (s* 

* ?t\nui \I p Ijjh p UI p'^'t Li < ijI I £ I ,t^ i V l jA t JjLfli Li i_«j I L-i La t till j 

"k.t jLo-cVl I Jj I LuLlll <Ll 1 Ljl 1I J^LLj . {ja djl&l JaVl I*" 

i <jl!c, l^-Lo I £ 1^^. I j^Ut ^jJ I ( Js^jl^oJL I p Ij^J I CjL i j^lajui( 

6^-0 JjV fUSill Ijjh jjjUxi ^Lflj . 6^a <*1 jAlLuiLi ^tlai p l <LiAxil & jLo ^ if 

Jacques-Yves Cou- J^laLi jjjSL^. ^£.jj lu i^a JajL^o < <iu 

cc*. ualj < aqua-lungs <^UI Z*J\ ^1 S^^Vl aoa jiL^ (- ^ \.) steau 
*i a f^l jLm^l yjhj ( scuba diving Lj£Lu ug ^_a jaj ^mtuJI luaL^ll 

. "self-contained underwater breathing apparatus" pLU oaJ> ^lall jL^ 

3 ' atV pIII ciaJ Lj< <(i 6^ ">i"t juLi 6^JLI I ^iU’i 1 111 

■jj* fl < lii-tj £-oj . Cxfl^lf it p ULI ^cJajuj p LLJI ^ j *i^njj i l^-i—a "V • ^Jl JjuAJ 
SiC. <jL^J J_i^| J ^J| ^-ill jLc. 6j l.i ^ <_uLa Jaj 1 < A 

< a i a- JI ^ja ^J| iillj ^jl iii t iiLfUl t 4 jjLa 1I Jaj * «All 

cijll 3^ ftr ^ jl (Jj-Ll 6^L&1 pLU ci^j pLLJL (£J-*-* 

6^1&ul I 4 j l^J I 

p p 

JuuJL 3jL5-® L_o Ijj IjA ^L^-lo j nil IJ ~ * * Jilf ^ *1 "h fl tillj J-OJ 

. VI ^uil 3 d 4fl«LJI * S^-LI Lj^u Jljj 

jUJi jUfri 

l> LfiJJU ( _ y jiI Jat -a - n It 6j j ^t l jLiUlVl jjc. J[ j <A a ll JfoS j J « »’> Jjl tjli 
tiI * *" * * ( (J5 ^ • • tLju Ijaj . Posidonius ^ ^jAi >cl mj i «li a 

I I I*ii tj-1.. ‘^ialj^i ( jc. Iji‘i < \ J *1 t~i V jaLui^Ztil Jjfc^11 tili'n (jaf ^LS 

. 4 jjJ^JI Ijjiinlaai l^la^ii^ ^ , A ^11 ^af . jjJj 
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A <o Jj, ^ ,a 3 ^-* (j| < j Tk i M j a C fl l 6 a j ^-A <ljLUI d-fc 

^_a Ijjh ^t£j « jL^jJI jLacLj j-iljli j<t«f. 3 *^ Jjj-ill p 1 a L f . ^LqIaI |j_*j . 

. ill 6 l.i-’k \ ^LolA^I (J-i-UJ ^j-o JjVI ^kUIl 

JjLxjl *■ (J a * Lo S ln- 1 -^.l I lit ij 6 ( i~JI j^a <1 cL^.}Lo 3j-* > ^"" 111 *■ ^ 

IjLL , *j * * ^ ° 6 Li^hJ I ^ QJ A^LjuTifl <aLlJL (_j-aj)—*J I Jj Jjio ^jC. 

? £tJa_i_*JI ^J| jLatVl 3* CjIojI^JLi pLujVI J^irj^aa V 

_>l>a . fc-i. jJjl jJh < £j^l ‘ J'**' Cil njti ,« 

t-j^ * <j^5 K.j. 3 c 6 jL_c cul^ . dredge Si (\VA£ — \VV*j Otto F. Muller 
£* lj-^j *-~jj i pill ^-tu-u Coj jl—J—a| 6ii—C. L^JIj-jj jji-o-Jj * JjJ_ aJI 3-° jUa] 1. J 

. jJ^JI Jl l^l^a ^ ^1 i^II oUilill 


^(j 1 * 11 jJh < Ja^-rwla £* l-Jk-i-t 45 Li_l*JI jj *-> 1 * "I 3 J *^I (_j-aI ^ .*V| j -*- |j 

J>L-A J . (\Ao£ - NANo) Edward Forbes,Jr 3 WI U u-xj$-k jjljaJ < 

JLojJuII |^0 <Ll^A—ill i"il‘tlj-»'vH ^ja I l-u I < ^uiL £jUjllll ClLijLiiLl 

*(“> i i<g> t \ A ^ AH & ^_a alia j,ju . 4 _uLicuj_Jf 3-°^ 

CjIjIjjaII 3 ® ju*?kif £* Ij^ ii.uL» ^Lflj < Jaj_u^jJlI j-^ *11 ^ylj-ui jjxjj O-j^ 4 -ijaj 

^lll <X£hJI ^ I^J I £-lua£k ^ fll “. i.'ii ^ | | <AjjJoJ ll I 

.jla 1 * * ^h° starfish ja^JI ‘“^ 1 Jl^tl . I I 


Ijtunt til I LuL I jV t Jn > ai I LlLlI I Cj l a*L»l I VI jjjllU j I OI ull jLoJ V 

p LLJI Jj lj)j *kl I U*i ■< in . cillj j| l^x-a V0 JajJ p 111 J fill V 

^ i Wi i l it V (jl^-iaJI < dial <aau t IjJj • <JaLilll aIi^vII j ‘i» i4 (^pVI 4j 1^1 ('f 0 ) 

{jLj Jjk JU aJu c £Sljll . CiHLillI <L±A X JJ V (^dl Caj ^Lj^U p LJLJI 

4j(j * i ll 6 U-d I aa. Laj^Aj CuK j *k ill (JjjlA L^JLo ^^aJL-ul (jlll jo 1 * * -II 

. SHa. ^Lj l>Lc U>"k11 Id « fl < ^p-o £ * * 3^^^ 


u 1 1 ^ 1 ^ 4j^ • tillj ^-Lc. 51Va ci^Ja aa_fl Ijj& 6japLli < dla j-aj 

J 1 ^ fl l I J-kj I) \ A £ \ <luu ^ IS j 1 ^j LuV I J^Ja I^-JLU t AiJy^'i m I I jujj dj^L£ 
O ^ • ^-talj-iill tx$l ^luj Jj-^-a 3 d Lo-* ^Lkill 

. I <Aj l ^Ul^^ll ^jjfc 3 ^ 1 J^aJll 3^ J^jLxj 
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Jjl ^ jLi « 1 ^ t*^ j,^ till ^uiijj t i»jj ^ i 5 loiftl i IjLa 

^Jtujj <jl JaI i Jj^Jta J-i£ ^L5 044 . Jru^tl j-AC. (£J-® JLiJau JjLa 

whIj ( ^lid j •% I 4 j ^li Lm ^j£| |jat 1 lu^ i l£Lwi I i<kil t ^UIL 

^ill u^uilll c>\ J « Ijlx VT • ^Jj Jmu ja 4j^JI aUaJI £l>J| 

■ 0*^05* < f I j 

fi ft 

JJLj Ai, l -X Ji ^_a,| i \ \ iti jll < ilitj ^ i Ij-uLj jijill j!u jJ 

jL&£.| uiLut^J-Ull Jjl.A t LoLj 4l ■>%}I * 4- 1 r jt >> La |^Jc <jL£ t <Uj ol 


* jjjS ^LqIaL ^laAJ ^A-JI 


Samuel F.B.^mjjj> .u .ui . J^j* ■ >> ^jjaV) ^jja!I l». tul * \Ai £ 4iu 
.Aj^Ljj-o iiVjJ j^auIL Jj-a ylA <g {jlZj . uil>iJi J^l (\AVY - W<U) Morse 

^ a^.a oVLaiVI OajlldI 6j-a ^Vj < *\fl 4il mi n . ^iu ^ialuilj ^Jl 

4jl,m aa Jd ^d|j « j| JjAAjj I ki 1 a* IcI^iaI uiljftlltl jl^ 

Kjj-alj Ljjjjjl ^fcli^ll ^JL*JI Lo jlxj^uj . I i 11 ai <kxjuii Cifjla il 111L 

4~\ v\n aJjoX-I J^Jo ^Jc. Jjloj J^LuVl «> i**i Lfll 4 L 1 «i * ^j djulI 

• U“J^I l_r“ 


5..I a r I pi 1 u oj Vj < I iA «1 (jt jj^LoVl ^jatu J ui flj jjLS till jjl J_u 

I_ft] ,^ ylall CulikJ • j-JI 4-Li.l.lll irtt^ 11 £_jj| j| jl^-iVl |JJ-B 

Cijl i^tI J-0 jIaj ,1ui>j . dbLuiVl iiA J>x JjIj£ ^aj < tLJl JjU ui)Uj J^LuiVl 

. a 111 ^li Cia] U \«nl 

Lf® o- > '*' .“ - a f llj U> tuJ -* J-fr^ O^l^ll < Jliil J_» Aa « (j-lc. C»* << * »j jSj 

1 -‘V I tlf £-U.llll ,\^ J I ulilkULA^ . J I fl r. ^jiullll jjill pi It 131 I'jl 

Juj jjJc Jx£ll I jjk JxLui oij . ^AjJjjVI j •> jllj JllllI ^o£ 

. <aaI jjlti ^ 1 «.ti 1 Luiijlj ljji_jj(j 


jjc _>io>L£ 0 • • • liLiuj JxS jx Ji«u ^vfill JaaII Ui jK jSj 

. iJlaull >xLt Ljjjl iaijl ^ L’.ILVl L.-v 11 
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LjLLu^j ciAij < ^A\ 1 j ij ij ( ^-uaVI ole Ja» 1I iii jl^l 

^lc 4_j^3b 04-jf ^ill t cua ^LtM 6j.aLl- 0 Sj Vi U oLVy lj ^-&JaxII 

cjS ja Cl j* Lmi (jl 6 w"tll CiLVjll 6JJbUil jLa.1 jj < tsllj £-&$ . ^A^X 

ji..J l I JJfc ^ ' “ lj> “ oLojixll L^JUkj ^JajJlaVl Uj ^ll jiC. CiLV^If ^il 

t ^jLJjjI C*ii < CiLiVjII 4 ilSjJLI 1 fjl • ^-uLujI 4ltu 

. ujall p L^jijl jju »iTn 1 ^j^l ( tiif (iIjLaJLI £j-a o-» Kj« UNo ^LuA 

. ££_>=*.I Ij^S diJaj tjSj < tf U~i ll -i VI I nj-k ll Jjt Jj&tl £duoj j»j ,jl J_>a-aJJ 


- NAN^) Cyrus West Field jUi o-uuj Jj_all (jl£ 

<-L^-lJ-0 | ^JltLui < ^A0 1 4 1 4 I * . ^tl'.lUVl J If. tj-l-5i j_o ^Ic. ^j-»JI IxSLc. 

»I *l»j ^ illtjj-*H ^JL*il . L^ikll Jl <1 r.VL > flNj < ^yic. JjLLiiU 

<j_aLJI ‘LjjVL (U.V - ^AYl) <>iK j j^JILj l _iiiLI , William Thomson a&^jL 


SjLlVI JjL^ l j *« ■**» < OjjJ OLuxi 6 jLuiVI Oj ft * I Lijla j^ulj t 


6p ^jll Vj < 4j3^i^*fclj) Iru-fcJl I jJC 


JjBj < I J-aJj-jI ^i| jiLjijju Jj-a ^ AflA 4j^-u ^jL^j (J^atu Jj£1I ^ 

AjLa jj| VI < jJC 4-trw-’ilf VjLljli fjl 4-ililj ^jLjLui^j 

. 6 J-iLflJI ^.ijf < Qflfi La Jt^xll 


4 I 1 J-U ^yj> t j fl*i V 4 -olj^x. 4j«J ojL£ l£^ I jtfc S I 

6^1 6Is . 45>-a.i *J-“ JfJ-?' Cy> IJj (ja^^ Lf* O - 0 ' i *“ ■ *•> tf^N) 

jiaj <jjLLj 4 iji 1 11 J^i ^*Aj < Great Eastern j^liml ^j -0 Sj-cI 

( l^xo ^ L^J^ia taa . Jeu^All jjL, ^x)!- 0 ^Jacl UjLuel 

JjU . I j mtijt |jj Lik. 1 ^ Ao A 4lui Cul^ 4liiu> 4_i I jj^Ij c Ij^ oLjia 

O-ILS jil . 4 -LaLS Oa_uki ^JaxLtaVl 1 f l^ * * Vj 1 I^jLaj OuUb ^1 Cul^ 

CmL£ l^V < oL^lll Ja-JI C 1 J -&9 JS-fl • 4-i JI m"ijl 4 jjL^ Cui^ L^Xl ( 4oId 

* Ja^kll Utla (jjaj CiVL^II J-o Ajjjc. filial Jiil jlLoj 

jl jjlj * (^jaI JjIj^ 4 *i* i tj < Oulj 4 -S Ji£ J^o t N A"l*V 4 jlui 

^JalUaf I rh i ^A £ya p l^ua jjpLc. I * i V 4 tl^ill 4 —CiVLbOjVt CiA-u^l 

* 

• 6 Ji t u-° jl 
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JA1I jjK jLi . .Ui-wlI jLclj “Uala.ll iiijall I j-A J^l jK 

(£j-aj < >H Ijjb Jar (£j_o Jfc oLojixll (_jA»i j-Aj-Zi JI (_>o> i a « j -t jJI ^Li 
• ^.1 _)l » mo (ja Juatl jluu JLiA (jj LoJ i 4 jIjIuI ^>JL jl 

U^H>® ^“L» (£>a*jJl Jajl—aJI >* Ja-*ll lofa fli ^jll Ja.jll jA 

ijLa. <a.,jTi iaj^JI j* 6d£.LSj jjLii . (>AVV - \ A-1) Matthew Fontaine c g v » » 

ftjI j U . rJ j t \AT^ 4 lui jja^La Ina ^ic jj^lLull Jij jtm ■ ‘^J A 4 l ^Aj 

»-j 5 1 . j-fluj “(-Zlata. ^Zll U j-tll oljl_uj _ij jujdi lj_a « CijjLi JL-a_cLi 

j u , "> > * > jJk * JjSJI jl jtjhill \ Ao * <lui 4_J| J£jll J* 

* ^LVI cUj J l £ HI ^Uaill I |jlf <Jo£jA. jljtjj i JaiaJLI (jLatl 

ft ) Jj>ta Iru-Tk Jl^jj ^naII 6 LI I JxC O^LaI S.ljihjll iLjIall Cu K 
. ^j u^ ll 4 aI| (J-t-OJ ^<ill ^aJtll j*JJ liitj Jjljj ( ^LalL » ttn.^a 


c, *IL*ij Lo 4 J-ajJI Jpa Sjjj ^ <AjJ IsaaII jL jJLi < 4 Ifl in <a^II jj 
JIJh] ».tllali <jL£ < tlilj Jj-a ^iSVlj . 4_^lj-aJj <ll^jj | W U1„4^J ^LjJa I ■ 

6jj i rfit irtiA ^jn^ 11 fjI LLa-i jffl *m I F^lI ^t L“t 1 tt\ Vj < cl>LI I *t -flj U i t? iI 

j-LC LaiLua ^inA 1 Loa l^Lal 4_j_fljja* Irn**tl O^Llj CajI^ (jl Lo ^1 — LqLoj ^ “»fj 
J 5 JLA.I JLaXaJ * LaAiI ilILjjh . Iru-fctl ^jl flfV 

^15 ij -0 (jAl J ( ^ic| )Jj <LoS j OjljLkjL^al jl < ^ 1 ^t*tjJI Jru*kll £tf Jj-a L-oLftAjl 

aLJLI 4^j.a* oU ' ^L Jl n L Jeti^II £Li (jLfc jkl-£. *• JllJb . Jaj^II 
^Jj . 6^1 ^a 1I uiiilj^j lulAVl ^Laj Lut_aJLI ^L ^ ^Jc, J *• " ■» 

ji * ♦ jj | L^iIa *- A I j “ I ^ LLdLU I ^ *11 LlXULl I ‘** 1 Lll LlaI I 

. J^LuJI Iji 


^yirk*illr»Vl Irii-vll -Jjl ({ m > Aiti~i$I < \Ao 0 4lui < I jjb J^a ^Cjll 
< jU*«l I 6JA jic {g i» a ^L^lj * ^ J J*»l ^ jc Jauui^ll ^A Uii^ala Aj^adJ <JI -fc.i jj5i| 

Ja~ij m ^jll JAIL I injl < Telegraph Plateau ^-LjljJLlItl UjA^JI <LjA1I 

. JaaaJll _^ic. “UAl^allJI JjLJI 
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4 . .Jl t ^-.1 ^ojJI ClLuiLj r Ij&L Qfll ^Auil cul^ 

' »* .Lll Li^Ja ^ic . ^A*\* 4lu oj.*\j| ^Jl t Bulldog J^j 4-uL kij -JI 

lii** jlSj , ^AW - ^A^ o) George C.WaUich JLJlj . ^ « ^LLj^JI 

ui^j (j-*J ^ a.vlr. ^jj- 1^1 (jL£ - j ^ *H 61 ja Jjt. olil i t > 1^ l <L»Lj 

* 

^jXl ULuill ■ ^ InililV I in L^I I <UiJ JjC 4 M^niH ^Jt 

. , wl* « j^l ^ *j t-^JI Idit&^V ^Lo-ill iJljiafl 

C^" ^i] J*-aj Lxjltj . J-J-o YT * • J*£. ^1 

* 

yl| '~|U-| A All <i jaj Jjjlji (jSj jkj < I j-A (ji jj£V Ij . Lj^a >Lali ^ £ a -ltt4g] I 4-fljia 

. JxfilL Jjjllfl CajI^ If Kl * InnfcH jLotl 
(jl ^jiaj <Lulj_pJI aL^JI fjl ijic. <ji j£| t tjlj fjc. IjjjS JLaJI ^ji-illj jtij 

. otiLu 6JjUI 4 . nlb Jtl jauJI jlocl ^ JajJ 

^wU tf ,rih<...l ^4ilj « IjJb n qjJI^j V Q^ia^ljull jK 

lj^-i pAAX — NAT• j Charles W.Thofnson^j^-A^i-o^la . j . ^uljL^iii 
• Lightning ^ImV ^AttwJI j^Ja ^ LtlLV I JLoi.t ^Jl «._ • * ** < \A*\A 4lu« 

Jin-% « <flj-alll 6loll <^l 11 ti Jjj| I n.l ‘tafl . ^jpA^JLf u JjLilL JJBj 

4 

fjc. Zj^-& O-iti^Ljj . L_aLal <1 LjluJU ■**■ J ~ * (j < ^(^yiVl 5-flLSk CjLI j I ~k ^Jc. 

. elfljll A-ir^ll oljjlSkJI &Jxj tii V 61 i-h II ^yjjl J-ol 

*L*^ i_>“LS [*,U r. < i a ftVI CT^ itn^L «.u-Aj-la 

j "> j ll pLLI jjl j<L~i»t * u 1 dilj ". 4 fllln a jUr.1 

t <_flL a. ^ ^>^j| ^Jj &i—JI I * vVf- Jjual t * A oLa^)J i- StC, p-k"*" ^l-o-JlII 

Jjc pUI 6^)1^^- fjl >i n^ia dllj J-Jij . J^LaJI ^i| (jI ^JUilnK 

. i Jj-0 >Lk Lfljl jSLoVl jjAJU Cm 1^5 • ^il ^jl^-6 Jj-o J li li ^)iJ n 

t . *u l ^ I j l f Ci I A * U p La^ 4j| J<u, *\ 11 jXu S p UL I p L^ £yi I 

pUI Jn vi iuLa Cil^)Lii dUaJA jjij JjV 4j| ^.oi » IJJbj . jwo ■ TjH J* <L> <Lfllj 
pUI JaL ^jj^I oljLp dlllA jj| dlljl ^ ^ ***** cjjxjj . ^Lo-C-Vl ^i| JaxaJLI jtJswuu 
Clldj IjI^J < <JS Jai—aJll J^La. pUI j> 1» r J-^l * **J . jc-LkJ-uJI ^11 ^La-^Vl ^ya 

. 4la 6jli s 5Jx> I ^ Lo£r I 6 UaJ I 6j1a 
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61 i -%J I ju i t p j^-^J I jo j » ^ ■» I ^ tj.Li L« I ^rtiin J^_^ji. I p LLI 

ji-% ui^Vl Ij-A Jaa-raJU CiljLu JflVij . * »l*ii I jt-^m^Vl Ijjfe jrk iH ^A <jjl jaaII 

* ">•“ jl 4_* ftt \ aJI t g ,i f Jaa-a*ll ^LS ^ \ ^ L ^ IS <_flLuJtl t_jl.HI 

. jlofiVl (JS SiC. 4-Sh.LirwIi ^jll jr^.^l 

«_>Li£. ( I I All ^ [stall J_ 2 wJ j| jo all ^A AJ^^ll CiLolja^JI ^iW’Ltn’ij 

jLaJZi J^UI p^jluII LLo.1 jl_A t jlj-ia* j| oLlj ^Jc jlj-Li. ^jJLL LoJ.ifj . oLiLilll 
jjJ 4 «-^ U..JI pi ft iLlI ^A «-^11 jl O Li Llll Ci^al i LlLa'a. (j . ^LaII ^J| Jki fl-ij 
yl\ Lo OAj ^jA Ixa, CuLSk JX\ 6JUI AJJ& tt ifl *> I ft j irj . (JA-j-uV Jojl^jj < JSkjJ jl 
f L^-KIjj I fl aahl pill <jAfl^.UI C»Ljp < .ill jlc 6 Jj_^ji. I pLIjj^ll jl-A t JjLuiI 

JjtAi 1*1^11 ^Aj iaI lAi (^*ill < ^LsJall i n "a o ^A L^jljj CiLjIjjaII 6 J-A ^lALuxiJ) 

. 11 ^li ^J| oLl^i^JI ,J£ jo I J <iLAll ^AjA^aII jljJtl dJ-A 

A LioJI *.*■ ,t~ ^_lil <Lill o i^ll jfjJLI Jllu uAj i ■ » fl t p^jju ^A IJ-A jL£ jlj 

cAJ “-J . L * -w 11 ^Li ^tl A 6jJ— A j -vi-uull 6 1 — ill Cil fl. ita ^A 6J^-.3kJjU 

^A SLiaJI 1 j ■ ^ ^t IriAtill ^A 61 > "all j-AlaIj < 4j -a ti< nil CjI A atJ I Lijil m*i 

JLu ^^oll ia-i^JLI CiljLu AJ 5 -C .\i»- i t itllj j-oj . A .iu i LJI 6 jl ft rV l 
jaalI ^ La jo <LuI »* «^11 JIji.I to I ■ «| Jilj ja tlI ^ Lfl ^cLwlI jo jioju^V I 

. aLi^II Aji^J joluu y$l Umll ^Jl 

Por- jiljjjSL^J A nfl tu t A\A IU j^ji-ojia < NA*\^ <1jlu ^jA 

-Gllol^JIjiV jl^ t j" -a £ £ * • jo c. <^LljuZ> JjL jl ^llaluilj t CUpillG 

6 J^aj-o aI j^M (jl (j-o (j-lii ^jlc. (jli jjj . CiljljJ^JI (j-a titLa-a ^[jil 

*j d-^ ■» HI* ■>■ ‘ ^Litl (^ic cJI jjj j-*! I J jfj . ( jrt < J I I j-A ^ii I «J a Ujrfc l I ^li jIa 

. |JL)JI CiUaA3>-a (J^ Jjjj 

JJaj < jajllui <~i >,ii ijl j j k (jJc. < NAVY 4lui juuJj V ^yJl jjjuiajL (j 

■~.»t~5j ( .-.IL.^l I j-tmILLmj CkaLat. . ^ I >I| H 1 .ai^>i j Calj^ui iijlj <jl^5 j-a-jJI (ji 

. I LlSjx YVY Jnj rt .11 £±C. <J«L5 (£j-aj • NYo • • • iiL^a 

(jSLol iJllA CuLSk < (jbj-i^lj plUj-vIl (j.a^.1 4j| joAjI ^jJI < m l i ll tit^ lI 
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u CuLSkj * irxi LI ^Jojuu ^4 a^l j^ V t Y0 j i nj - fk lI f- 1 

. kp JI jSLftVl |3 acI o* Jr*** oLkSK 


j*M t* 


« jjialLua £»L^aVl ^LuLw 4j Cuoli jLajVI ^x^fl ^Jc 

c YVY Jl JAA . j ill ^LB 4 _lA I^B^I lx. jt-a^jo Jj'kft (j-o jJ^I 4j Cj-aLa Ia 

u^. * LaX AjSLfl jjit Jxa^j ^$Ij . ^lnj.^1) ^cLjuu £-Jj-o jH-OJ KS> ^j^hiL JS1 4 i u%| 

*■- B-*^ . 6JA*lU oLVjH <m >*lIjI lAl <Jaj^L JjlAj < ill £Li -*»-* ^ j 4 Lof. 
p Lsj| JSJ ^uI^ulX JaAA JqLBj 4il_uuj l^yLaJ I jLiLl Ijj 4J^joJI 6J-A ^Xu 

{JujjLjl^j jt Jal Bill 6<li ^JaU Jjb ( Ijjh j t^l p^ui Vj JjL-jII 

*16 I CjLVjJI 


.U^roTi jlS ill . jLfluffcll lift ^yA jkjBj jJ ilitj (j-o jj£| ^Ijj l ^ni V 

4 -Bl fcuH JLofcVl (j-o JoxaJU £ La ^A CjI m^k n Jfjpj jjgjla jLf VI 

fi 0 

. ^)1 aa^-oJU lift ^A ^JAU JAA jj-cu^Jj * ^yO^ilL « ^Lij-L LlBj 1 liTi 


l^o>L£ N \^Y jl < 4jjljil ^A \J1* XX \ ^ji\ Jirt*l 4x* ^.^Jl Jllli 

C^j^II ju^juj (jl j^u ( tlUj (_j-o . 4xuiLxlII v-ij^Jill 4fcl nJI 

(jS«ail (j-oj • jJj^x (j-a 4.flj‘lB jl jjjl 5j-o |J£ j% It i Lo£ < 4*u« a tJjjia 

1 a! . »XI l “‘ ij« *jl«^ Y 4 jLo 4 < 1 > 4^JJt *1 Jjj^l 

( j L o Vl ^La-till iljujl jjoj <JjL^ (j-o_A ( JjlaILj . <Lulj 6j iHf ^jLoj JJLj Oj^oll 


Jjjll ^uidJI 4 a 1 i.g A jSbOJ 6 ljut vjLuu^lj^ 


. £j*4il L^iliajl (jl5k jjua-fl| Q>la 1I JjJa jli L ftKj 

ch° ^o J lia* 5j j i^ > i 4 j^ 4 Jf^lal Ifl Ljjjua oL.^ 4 (j-o JaAII gitj 

<3>*f jjll oU.jII 1 4 j*fl mi l (jj-fl CilaL^tl) 1 j * n i.u1 V 4 j^uiJI jjVl 

• 1 ill I 1 JJ^i LbJJ^i 
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— Pierre Curie ^jlu < In ill i »l < \ AA* <Loj ^ 

jAjjjli Jjjjia ^jC. 4-ajj <*n?l CjIajII £jIjaV 4 imL-o ifljjJa t jjjSlA 6 jaIj ^ N ^ 

tiiMinl t fjiji I 4 -lLLaJI ^jj^II p Li 1 1 A ^ \ V <au ^_Aj . ■ ..it. it* ^jj^fJ jLil ciI j^ IL 
4J&jjJa — NAVYj Paul Langevin ^ iA'xjV Jjj ^ 

4 jLijialf 6iJb Cxliuuj . c_fll it) XIj *Luj) 4n jjd Q 1 *A 11 JLiijV 

v_sjd_=JI^ 5-ft j _. -^Vl jtlL^oIlj < sonar ^ jUj- .JI jf , echo-location 
lS lxl tiua. t sound navigation and ranging 4-il. ...1.1 jljj^j oj JLu Ji I 

. iiLull ^loVi ranging 


jSIlj c ^*i-jiJI Lj.uI jjh t j-*iLil *- i 

Uj Ijjl CtAi^J *ifl CjjI^ ^ Ijl^k i i <iV I 1-igJ 6jlflA J l*l£-Lt 4_ifl ^Lfl I Ckfljlf 

. fluJl j-°3 *L-aJhVl 4-iLc (JLa. f.I jj-fl jIjjjluII ^Lt i ill ft.i t±lfj £-aj 
j-a <—Aja ^jIjj ^coc jj-4 jAaII ^ 15 JaC juLifl < Lisl,\-k*twil tfl 

J^l lj.AA4.4irt ^LaluJ ^y-LaJU jl J^AI tdlj ^jic. 6j^lc.j . 4jjAtII oljLllll 6j-Jull jA.ll.il 1 
JpU&J JIIA^ ^jjtAr JjiA'kll < <liLuJI jg-ia Jjjfl j- 0 P Ij^l 0-° Pj^- 

I j K I j t I’Vj J Ij L j^. *11 .7. 4 | <Ll ■**’« ■* Lfl Lo ^ 

d ■ v» .^4 A. A <ajLI| 4 11 fl m iluLSl i 4_flJjLII 6 J-g-l jLjj « nil ^.1 Vlml 4 1l-fl-mi J[^|j 
^JalLlaV I ^ ^ AI 4-ui Ijii cu U jyJ I t Meteor * * ** 4 \ i^.<,J I ^jb < j i *i I 4 <.u Ij»ii 
^jlj € (J^LLVI ( ^Jc. j*JL* -a 4 j ia. J4 V 4j| I lAlj CjLa La jLcj-uij . A^YY ^Lc. 

Jt <_iLa. ikuku SjjCj jg^lj <JjLa| 4-iiinfc iLuLu < 4juflljflJoll 4 nAj II 

t 6 LlL I jc-Jcxfcju J^La I i U11 1-4_ a a fl J hATIj 1 ^ In i 1 UVI JjLj j-o-IJ t ^jei jV I ^lLlcu 

< Ascension jiti \5L.»V Ij < Azores jjjV I jj—^ Jj—* < jj— a* 5jj—ua j—4 -Jqjj 

. Tristan da Cunha IjjLl_uj^j 

jj 4 « Ii-nJ| 4ii.uL.oJI <jI 6J-tJX. J^Lof ^_fl J> » I A lfl CUj^l ^gll oLuaJI 
iJjjujj LiAaj-AI 4-iJjiaJ! ^ifl . ^JalllaVl tnj-w 11 &j j * ntta jSj 

>41^ 4 £j_ftjj i JoXaJLI t*ll IIJ ^flj * 4 -JJjJlII &JJJAII 4 A itlj ‘ijl l Uji ^ 11 ^J| 

4-1jLa SjjIj Ljia. 4 «vu ilLL J-fl-ij t lilljj-Uj Ul jJLuil ujjja 4 lii ii 1 4 ill I jAJ-wi 
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■■■ 4j| Ijlc. JLa._jII jii IJj Loj . Jki, rwI I Jaj_ 

. d<Lt-v a J^xuj ^LaLu ^i ii"il Lo ^l>‘ill‘iVI Kiiij 4 ili~k 


^ Jt'v J^l 'v jji Ja±a»il ^li JjxdLL j_ y 1 ^ ^ < 4-»jIjJI *LilL l] f ujsJI 
\ William Moaurice Ewing giyl u“i ^Liy Lojs L -0 

■-■ I... -^H &(^VV - \^Y£) BruceC. Heezen Cx^a (S *-* oh&xj ('W£ - 

* * t m 
*j j * a 4 Lu \a u .JjJsij I a \ rtf. |jJ i A.( t \ ^0T ^ ta-LT^i.I £Lit d »l * | 

JJC I S^uuftll ^L-u-fljl I <Uljj IJ-A • LoLoj Lfri.i./xlTifl <■ 

•> * « «6 » 

t _juL_uV I IjJfc a A a \ ^xj I ti-t mi p l"i u cJj^ i \ 6j_uSJl r I^JVl 

■ **** L W I plate tectonics <i .^11 I 4_i^Lflll J***^I J 

C.l>frflj eJ-^> U* C t a.^jl j] < Lt-a^J^juaJI jxlc. IjjJu 

. <-U j7\ J l qIjJSU <UiLa 1I jj-lt J 11*1311 j^ialll jluLa i <nA^)VI 


(_^=>jV I <Li-a lj i y ^La| I jlj| \r-j) i A pi U l -> 11 ( jC- ajl, 1 -all <__SjL*J.I CiftJlj 
(3># I^U AA£V <Lc.Lijjl jJjj ^jll o-uij^j (jLi • Jliil Jij iii ^l« a . OjjjlLI 
a l 1 1 n fl fjj — Lc-LLjl ^Jni u jjJc- Jlaall ^Jb i j ^ *11 ^lLmi ^Luu 

,J-A (jillj I C li ~ tlI 4 I I <*ift (j-lt Cu-uj-ij Jj-a. ‘ lilii J-oj ■ J t itl Li n ill a 

| ~ II ii jjj Jaai IIIII fl Ijlj . J •> lH ^r-tl 11) , q a* ^Lo £A» * Jajui^iLa ^1_ AjjI I j ...»*■» 

!>■ «<-c.Li 3 jl Jjjj ^ Lli ^Jbj I J -k it I ^T.l-l III ^:i*Uil A 4 j J-C-LS 


J^^-u . a JDfi UuLu.1 jnl i « ^ljl-4 i ( J_iLSil i i I lij 

jLj-a I 1X • o jc V t Mauna Kea ^ b4 a a a I j»«i ^Jc I . ^a-J I 

< ak» n i flj i iiLJI I rij . -k 11 £ Lfl jjJc. jSLijj IJ *^l < ja ill U< 11 

Ijj jjJfc u-Aj • ^ • • • • I j ~i n fl (_jJI Lj-cU Jja a^jjja. ^Lijjl . Jsu-aJLI 

, IclUjjI jJL*JI Jlaa^ jjSl jjn* < (jjiLcuVI 


(jLi i a Lii I Jja <Lc.jLa L^-il Lj - A a La La. I *i »I I 

<s 

C£jj iJjjjjj , ^ Ll£ LcUjjI ijjfc-t <n i_a I_ail ^LiJI li* 

uijSj ^la < li* j-o lillj ujj) • cK*J^ 'Ll Lj■» i«-» ^jjjl iL 
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^LluuJL I jJbj 4 j^V I jV t **«-* »j a | Jj&i JiA >11 ^IjU 

• (csb 1 ^ ^ ^iob jjSl f IjJb Lb^aXij < $Jj^j jjSl ^Ifrfl jjliui ( j^JI 

j^x^VL ULjLa Lq Ijj < ftjiLt JJjLa.1 < Cilj^t LAjI iuaJLL .Xatjjj 
jl • * * * oIj ^ 1 6ji . jjojVl I fl ■» j * * * • i .i a ( ) Grand Canyon-^ iln*JI 

, L 1*V A II ^ I JjJ^J I j ltll i Ua^. AII J^yy^ | ja*l j LrAC jJ^V 1 JSlJ I 

^Ija. Juu 4 -» I m « L+] i jjaJI Jaa^Lui « Ijaj I ^jll JjjULVlj 

JuilL ^Lj l|j^l t S^ul.u <->11 nil tii j,ui V ji 4 imltl aj^jj . Ju&If ^ L3 t> 

. ShiViU oLVjll 4ill imy ■ 

J^*-aJLI <y»j . IvuJLI 4 J in fy tfi I £_>L-i -A-^JiS 

J)A Ijllilj . jiujjjLul jj 1. yjjjaj 4lljill .l*H II jji £jLi. JjjLkl ^Xi*t I i->V I 

jji jjjli Jaj] ■*•■■•»- < JpLoail ^linaLII ini-vl I ^ JjjLkVl JacI jjl uJjiJI 

■ u^LiLjUlj 

JiAi jj a "a < Ijaa £ Y 0 • ^i j ' ml—Jl lni-a til Jaduijlll JaaII ^Ldj 

ujLajV I * *» ‘ * ‘ *■ ■"■ * ■" 1 ^ ^ 0 ^ 4 *i tu . ^jjtl I j -4 ij» iA Jjjl—&VI jaX 

jjb Marianas Trench lu^Lt jjj■%.I jjl Challenger II 4-uUkll j -y ’i ll, » «*! 4 jilkij-JI 
Chal- jajILuil Ja£ ULa. ^ a i hi ^jllj 4jljaJ ^jj| Cii itil^lj . JujLaVl 6 j-A jAf I 
--■~.li- 1 , Uo<\ 41 mi ^ • £-L ^ill 3« *11 Ijjb cuiLij (lenger Deep 

. IjH-o ^ • VT ^Ih ClilSi j^'iII im* ^yac. jja I 4*Si jjl Jtj 1 iVI 4'iifli u 

4 ■! i-a <a! ^jJc. 1 jc ja>JI ^ku ‘“‘^*1 jar I ^4 c Juail jLacI Jac 14 jj jj 

4jJx.LSj Ci Inj-ij (Jaa. £~uaj Ujj I<i1 IjLi . J > 11 ^. U a h ^g j~i III a jjj-4 ft Jj-aj-A 
, Ija-a T^ ^UjjLi I-n-t.ll ftlxs ftjLu (jj ig fl < jajlLiu JaC (jlio l^ j lc jSLijr} 

j-a.| jtj ,jl j ^‘itl i nl y^a-C. < sl i t i *K I £_4jlll ( jja jjSL j»J y^ijVI CjlUJI i_jjail (JjJj 

£_ijjj j^"t ^IjLa ft<JUI 4^o&fl . 44 jJ 4 M ja ^ l ft*^ ll okiiall jadu 

. j-a‘.H .m" jar, Jj| j^ijj .-.*»K iuail ^luii 

t IjJLa N^AA* < ^Lijjl (3 ac ' 3 -e, l otff 4 _ajlia l^_jJ I <i Lull Li jjjl 

ji *11 ^ Lfl jA Lof p lj ^ I CiJ—aj Ijfj * I l| in ifti jl LJLa. jl miVI ^l ii ii.ilj 
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jJb laJU idJj »'“> < Jjlj 4jJj naflj L$J ju-ujJ <LlujL&]I jl 

d i ...\a <lu_a <jlAj £_l5jj ^ic. jl Jja>ajj • Ij^J j* IjSl I pi m jLjII ofljll 

. <_»l L^JLaSlijjl J^a.1 <jU 


ju*Sri 6^ 


« ^^1 Itl^i jLacVl 6 JJb ijuiLi LLcul t < ia Ij 6Ji < III ft C ^jinfli j I 


j«"« * Ja_L=hU J}a£. w-fll jU JUil (Jj w«« . L-AjI <jlA <a^-oj 

L yAXi}l ^j-ft JS| (jj£i *HI tf* jj"** V»H <jY VI *s^jluI V ( J) li ut ^j-o 

. (JLaaJI ifl'-fc 


j^uj^Lo ^j^Sj Yj • (=1-11 jda*u ^j-o ^-fl-tall Vj Ljj^iu (_j*Ja£. ^j(-£-=k ^-Lutaj V 

Ijj 6j 15Jjlfl oil* < *= (j-0-f1 Lfl x& &JI c fj_$JI uj^ mil OuUI 4juflVIj (_j-»jJlII 

. 5^-uS ^Lac.| jic pill 4^jall ^Jc Ijju^ 1 itf. J^i.tuj t 6jU^ jLcVl Ciil^ 


(JjuJI qI »j... * all jj t diving bells ^^jJI ^uuiljj 
4^jLuLaj L^iLuil ^ Lolt.1 ^ 4 xii a ^uLuiVl CiLjJmll&II &jij . ? Ill 

<j£-ajj . pIj_$JI ^pJc L-fJAlj £-i jJ j ^iil *= HI ^julj—»>Y 

^La. In M rAi ^jl i-r^ i ^jjijnflll tjAJjj c j^JI (jl jJ-C. * c I^Jl .KW it (JjLuij jfcLlA *i mi I 

» ^jjjjj-LflJLi Ja-L=kll ^^jLaJI pill I U* * A £-0 ^jjmiflll tjA.lj tnAi All I it m 

Jj jwu^kll (JjI^uj In* < All ‘" tlV * ^‘na .yj alI (JjLfl t JjJ (j-o LjjSj Lo£j 

4j| ^1 — 4£.^_uu In*«All jAirul La Ijj jlliatj , <jjLlII Ljf^kll 4jljjj ^j-o j_i£| 
JSl j t iai — clil Q ">"i |JaX. ^ic. ">• '» <JaL*«-n ^Lijl La I jj 

<Jpjll <JtjVlj JjaUII ^ JjLuJI ja ^jjliillj I** .All lj ii 

bends ill 11 a ^JL*j Vj . SLijll ^IJ l«l I < ^jix ^ll < Sj>t<<*>ll 

Ajlxjj Vj Ut iAll (_jAl fl Ail pLlcI j| t In* < A Jaj-LA t-i i «» i jaljxll Jlwj 

• Al l Ija p^Uj jAjaa'i iilfj Jjuj < 6j-a LljV U* All 

■ tylc- UfJJjll ji>l“ O*- <—( j^lAl llj < Jn -j i ft mi l 

* A ll c^laJI jAjiaall Jjjla ^jc. LaLaj ^>1 i u^ll JjLLc.VI u>^» J^^-flVl jaj 

.JbYlflUl 
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{j-a ^j-C.1 i l r\ >o l jLt JiJ^ 1 ml L-a I j| La J ^11 

O^jJ l »<m J5l 4 ^jJj ^uiaJI Jjlj-ui ^ jhjjifJI u^L i^lux * ^ia^VI 

e LXI On» a ^AJlJf ^kL^o JLJ>i kjJLi^il *= I^Jl ^IdAOxul r Jl*^J Vj . I 

. cjll <il| Jmj j| £iirTuiu\ ^jtl JaaII |^a < £jJoJLj 

L)l j^Ai yjllj < pill Irt* LajL&a I * jljJ^JI 4 -Jjla uj] 

LAa| SjjIaLI i^Jc, Sjjill <1 lLuD "aj K L IjIj . ^jLc, In* i r> JaCt cljJh ^Jc ^ 

• submanne ^u^ljc 4u&uJI ajji q^llua 

Jl 9 » Ji jsbi !j& (juljJI jn»i 6 i tjttti J-lj < ^Uuia jJh « jj io *itlj 

(N'Wfc - NoVX) Cornells Drebbel Jjjj ^..hjj£ ^LLVl J\ "»i11 . ilij^JI 

jjy • jJlu& ^Lloj Jjl jt^otm jl -a . (j-o LaLuuI jij • JjUllL <^aljc Luu| (j-o Jjl jJh 

jLi-al 4 ma'N jl Ojjl ^jnf ^.Irk I j lie i_jjLa>j pl_j^L jvLi < \ "\X 1 <luj N "\X • <luj 

. Themes River jaaLill ^Jojuj 

L^^Li jjk oL-aljJLil pLJ l jjSHI oVjUJMjj llujl ^iiVl jjUl 

(jl (j^AJj < (LualjJLlI) HiLull tjjt 4-jjj jlu V pUI Co-fc.~i I . I pliil < Jft Jr>J>ll 

IjfcJjjjj (Jl ill ( Jl I II * ^Jc I J % I LfJ J u .x t l I (jl (Jjj J^JlII 4lli III (jo I_IJ I fl 1 

. pULI UA ■-•-»-'* oljaillL 


- W£X) David Bushnell Jl.t.i £j~i A. 11 t_oVi1 j,i .a I X «j 

I q ‘iUi nl^j JjLakj < 4 j^j^«VI ijjill I— Jo v ^» JilA. j^Ij ^iiiTi Coaljc (N AX 1 

(J-ojjj (jji itj'ii/ia <Lji^al_jiJI CpjX . idjjJ$-»j pllia 4iiLUi^j 4_a.jl_i JjljC.j 

Jli^u (j^J < jJIj CiA-ajJ . iJ^I'Afl jo Li jjj jlii ^Lij daoiil jj 

(£jA.I Aj-» J[)La.j . 4 ijj ■ n il (^a^Lail J ^i |H (juLaall i_&L& <_iSj ^U~i mj 
. Joaij < ■**X.X L>Vjj jjuiJ jjj p llu (^1 < N A\ X -4*i111 t_j 

Ia j (j .t. . .... ~< l ^jll (NANo — NVTo) Robert Fulton (j>Hi o pm 
^uuijp (^i A_^ <~i"i.*i < \A* V 4~n ii (^1 i oLojlaa <'iiflni JjV !«■**■» tjl i~r L 

, I jjlr (^ilal 4_i^alj_c. ^'im CiSjJI (jAfl) ^ IA fl < pUI (^Jc. 4jj 1 A il l ajill jgj 

. Nautilus (jJt^u 
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j' Ijll ,ja <jiJLw I <ti.il j| « jajill Ijfl jJ»ll JajLuu Jjl (jlSij 

^yt J jj-o If] jjljli ■*•■_» ■ aJj i*£ I |J« JAj I JuJ-aJI (ja £}Luil ^yjc. < in t 4 jm l ti 
?i > i ...IL cul_£j • oLxLu. £>}Ij aji i lj j.lSj JLaj 4—*jjI <juiaji ^K i alj—fJI 

Jit lf_tA ^UxluiIj I flji l nil I J&l ^L».jll ja <cjluM aJ 1 »a j-fllj (<Lualjajl^ 

. Ojji <L}Lj 1 a Jj £Ajil Lalij < Jiiit 
I u^ QUt Luujij Lilks^i cul£ I * t>f i \A» ♦ <lui lijLi ^!lj 

i JaaJI f^uJj ■ CJjJI jioJ Ja*II li^j I ft j j ft r Ci^LiJJ jjJjti 

SjaII <c^ui 1{J gSj t 4jjllsjji 4 j| JjIj jl jjjlli Cualjil jK ^ 

jii j . ol^l jaII jt iaLlil CijjljjJ < 4*ntm 4jb ^L^JJI t> < «*" ■ 

. Jlj Jmj |>j«» JaLu jjull /jXfcjLlaJ )-JI ,’,+lU 
<jll ^ulij jljuIL Jaaj <a«lj£ fliil JUaaj < tilaall C1L1V5II ^li /jaali jLc. 

. aj jit.il I Otaljc ^■■■»‘ (jl JjS Ci La <jSil < Jaj 

IjLa^ LlljiljjSi 'ji jjt’ill CiLtVjll OfaJj iijjjiVl <j 1 aVI <_i jail J]Lkj 

CuK . jLaall j-rn^l d ah^. * jju j£j 1 Ojajil jLaul JaJ ja I t 11 it. 
Horace ^iu Ji t m tl, ml >a-s aVjj ^jil ^< | a«tl dlj « c»l- </»lj all aL.u jjlalI 
1 pi mlj-c «hidl a I ail ^jj . 1—al -Jl <jVj ^A"\T — NAVTj Lawson Huniey 

. t nl 1 ^liA Ijllj^l Ci La 1 J .tall d I. ..I. .. 

jAj * ^I» A allj Jai Huniey ^Ii A ala mi I ( "talHII 4 a^IjjJI ^Ijaluil jaualj 
CiC I U~i 11 1 1 Jli . LlaIjA ^11 {jjaj <JjlA Jj| 4jLfall ClA i-~k < \A11 jjljJ-A \ V 
Lijjiill^ u^u. Ji^ualjLa clija Housatonic lilujiLaji J1 *w~VI lajL jljcj 
. IftilLj Cl^IjaJI I«<~>j| jaj jLijVI (jl Jlu . ^Ityi A ■■■-~ ijLui^ ^a 

(N ^ • 0 \ AY A) Jules Verne jjai oljaa ^auijill ^alail (JLiail ■ ■*■! ^ 

” i^* (^jVI jljiall ja Ifil ,j* ftCjil ^^Jc. — jjaaill JS ^ ijfii jl£Vl Ualjall 

(jjll < (Twenty Leagues Under the Sea alii ■---." ^aa»jJ <_ilf Jj j ■* *~ ) * ^i 

lj-^ JaldI jaj « Lj^jjtVl 4 aLaVI ujJI jl iaa ^>Ti JAj . NAV • 4lui ^A Cijaaj 
^ 1 | ySI <‘1 ifti ja CuAjluil Ji Caaljc rlaaf jLaaVI CiVjLm (jl 
• (jj* 6 <*■ > *» ji» <j \ »» *n (|lt i*ialii UlLi (^jll fuutVI juii) jatju AjAfwII 
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jl -%jl jjl ^Jj <j!ac 4_o-«al^£. ^lloj £j\ <j^IjJl 1 

# 

-* cLLI o -*l ijjl—ill ^LkI^uiI jioj Vj . L 5 J -1 ^jljj fjoLi^ll Jjj I |^ij "\*il 


4^*a l^*J I p I jJk 




I I 4l"Wl1 1 JJ 1(| ll *.4MA ^*14 11 <jV 


jj^r^ *tiA <jjUaj 4 li ml jl p Li^fllLi ^J-ajlj jjjfro 


UT\ <I« Ujll. ('juJj^u p Lj ^L IL. J.O-ILJ <LjualjX. J_jl Ci _i n < ■ ■ bj-aj 

• JLaJI 4 a 1 1 tt j 1 « Li >a J 4 ft iai I ~ i jLLxJ j-^ i 7 i ajLtj jkjli jjLSj . jjjjj .l-v *■ I 

\X • < £gj^h.l 6 _j-a Lflj-ijLL_i Jya i~i*i ^ i-a <Luai^aJI I jaLal ^JllI Sal... 11 oil^j 




Iji ^lj < Sjjl A. .H S alUfL Jjtxi ^jll < .-.I .^1j»ll !jja JjJjlII fill tiLIj >• • 

Ct*v*i Sjj-aJLa I «Jif p Lj^ILj 1 ^aJaull JjJ <pal_ jJl] 1 J.uu I » ***«■ J[jjjll CiVj 
4_uafj_*JI ^\^lo \AY\) Simon Lko dial ,*i a a u« ^ *>aVI ^ujtj 11 I itn) . pLLI 

tiljjjj—u yJ| I _i‘i_i tijjL liUj-ajjj ja oj -k ilj . NA^V <ju Argonaut 

. ‘LkI jLkJf ^gh j-LaJLi Jpaj ipoljc Jjl Ciil^j < S_uIjilI <lu>lji 


4— uaia VI J^jjJI JS cul^ < <1 jil *ill 4_JLI_aJI i_jj^=JI Ixt olii ^jll oi^ll ^1) 

^Jc jj^lu ^ \ i jLSi < 0 <Lii ^l| \ ^ \ £ 4 "l in jpj . .-.I ./kljf t*ll‘i«‘> I 

. uj*k 11 jljanuVI jl k ij~ alI ^Jc. I^ *1-^ 1 ■»! t 6ja> Mia 6ja iAi diLtpal^all 

L^i^a i jjL^j . ftLill jtJajui I ml ml J o»l Cilia i 6jJ-Sil A j-A JljJaf illlj ^aj 

JSLii I n. .ill ^Jc. I | I I a -a ^fiaj I » jL^j i Ciljll ja> J p LI I Ci-\ I ^ojjJI 

l^jLjtLj ajUV jj^u 


3UJL Jaij Ci^ljc Jjl oiLUil La. iif. < ^oo j^lL N V J 1 ^j£ 

^ylll oLdlj*!l ^Jc 4 »j In a 11 l^jjaa Ciil^j | juljjaj ^Jj-i.1 !ja Ij jlf jlk^j i <4 a all I 
liti'v I < S Jj fr la <ai>j tja Jjlia Ij'iilln j.ln-tn jL>l~i ml ^Jc jJk 4-1 a a ll I QIUIj JplU V 

J ai~i ii^ljC Jjl , t uat il ijj jj . ivfpji 4 a. Ail p LL I Ciau Sii^ ftll jk I^’Aiij 

tiiui i it -Ljuii >__ttJI a i 4 ■ . .. ^ ^ . .I L. ^ j|| q i a l... Oj^iiI 4 al HI . 

6^a Mj Ijltj li^ *\i •, • • • <iLu <4^|^Lll aji t ji ^caa ill Jctall Jaiu jl j^ojj 

. ajjjaj ijlcj Jil (joJVl Jn_in>i jji 
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j^ill j—ajJI Oaj ‘ jio Xo • • j—at J_j—-<a$ll oL-al^iil 3^-°±5 

Jxc ^~i -». pill c.t-x.1 ol—^I^Jiil jjl « o>-x- (ft >S^i V 

. jXa *\ * • * 

Ifli-Joj fjl (tux < <jijl* VI jJt La jLotVI (jlji^.1 ,jJt oLuol^iil 6j-iij 
Cul£ « <JJtfill Ci^LcUlL oLuajjJdl J _l $. ^ j (Jta • <_!>aJI J)ljf-o ^^-4 < jm l m V I 

< * I 0 11 I JJb JjIjII J,L^j . L»ft a CiLLtaJ.1 jjLt-tl ij-uljJ i-tjf J oL-aljjJI 

— \AWj Charles William Beebe uu ^laLj jJjLu < ^SLjjjVI ^«.j j l n ll ^JLaJI 

. Li^ll ^ckuj 4jLo lio ^ ^ i jl jl^lj jLxjII 4 juj IjilJ ^IaI ££oll i ^ ^"\X 

jjjlj5klf Sjjlj Iff pill £xaj liljouill JjJjlLI 3® Sji |>UjiPIM jfcLS jij 

(jj&J L 0 I j K.* j_U-a. oij . A ijoall 6 Lull ‘lljLfll la^S-uall Ja.-k> 1 V < Ln t 

< d ipjQ-ij i oi j'ni (jjKilj-« ^iLxll ^Ij-ial yJfc olijj L^IojlJLt 

^j(j jaLoliV 4 jjI >i> i<tl jl jILj J»j i mil jixu^VL LbJjjjo . |uu jo.l 

• iM4^l 

5j£ ^i« i Lulj^i ciLK 3-° < bathysphere 4ij«>il ij^lL Sj£ll tit u» ^ 0 ^ 
pljfll 3-° iclii jjxo cul^ jit . SjjLU ^Jc S^oill jlotVl tj^l 3 ^* ^Jj ■ jLocVl 
gdauuj , qa_fl <*i> La 3"* Lffljjf (_£j-a_aj j n/ia. iuI jL£lL ^inTi < jjJjlLl *1 lli » 

Ijl jl < ^(>a(j ^ Lh » iitljC <‘ninill Cixllxl La lj|j . ^jjto JjS tkoulji jxJI 

< Ui- oll £13 |^t jLotVl tjS IrtSiiM Ltjuil < Jj&fl ^1 ££jjj p^jIi dklx 

. If Ixljj Orxl J-^il jjl J«*i->) Vj 

i*i t -»jL juujl ji <J t j-u*)t i_ ujl <duajill Cix'im ^Si dlj 3* jotjll j^Jej 

* ^ <L ^ u uKs • ^ telj V-*-qj < N N N LofJ Jjl 

tiJUJ * 4i-AJAjt jAji, < V * ^Jfi, Jjjj LoJ UJJ jiUj a IjIdA ^Y * JaC ^LtAJ 

. <Af« CiLjlu 4 jI Jubjjj Lak <a^JLI djj dlj 
. A 41uj Ijia N W* ^at <lj*-o 3Lac.I Sj£ ^ < jijjjlj J-'-aj aij 

(jlS < tiljjj . OjjLill ylc 4jjt Iff ^jLoC.1 tj£ < jutlj J^wi < LjlUo jl^ Laj 

S “' l l (jJ^jfAflj ■ pill Ui lA CojLil Uflkll Jjiifl 30*11 ^ktjj 3? IfJc. 
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< WXX 4iix ^ ^jjLi JjIS ^jll * ( \V\X - \AA£) Auguste Piccard jjlSLu o^vj] 
oljjJLJI cul^ ■ oLijILJI |j w'j j Lac. VI Lx £_oaJI Sj£a <J cr La 

jL&£.| < _j-A LjILa Laj , * 1^11 £j-° 1 f jLt jlj ft a I^J 

Ixji tjJj^LaJI ^X3 lJLu«I . ,UI ^ ■ Q^-1 JjLui £ja jL ft ..a 4Li iu I^j 4 fl la a 

I jl «fVl Aj-S £jA j-ji| 1 4 ** i* ^jJc. Aj I 4_alj-C. ^JA 4_*_oaj jl < 

. Ifl Ifli ill (j-* 4 juxLf 


^Jc. jI^llu <liA 4-al^aJI . jl.ar I ^aouII Cul^j 

£-lLij_ojjj . (jLtjLi L4JL0 JjIajIj < (jJjjLaJLj A^^i-0-a I *ia j iti f J t ^T 

• tJL>*^ O' 0 ‘ jlxfcVl 5 j$ <jjj £*Jj jl 4x1,3*11 


Jjl^ll JjjjJI . y-\ itl ft Loj I afl*tln \ ^LfrjJjj £uA 

. I ^ Ua I < JiuiV j LocV I l^c. umii I p Lo 

<U_aJll AjiS-i^ll Liia jjluC 4i^L till tj fl t 4xji 111 OjAJLiI Lo lj|j 

Aj^jlOU j** " 1 »**« 1 4 ui^l jlo£.Vl IlaIjC JaaJ Ijij . I Sj^lL 

4 -xua I jL £±ij\ t II A < Aj t« irtll ..U J-J I Jl£ ^JO Lo . 4 _l_ilaJ 

. I n . . . I I ^ij Jjajj jLxfcVl 

plx < ^Jaxull ^11 liUj J*j < jLacVl 4-iA>l^yc. Ini|*i Jjl Jj-yntj 

^LLXJ ij i» ipill JU-JI Jj^ (jj Jjjil 4 -ix£j LiJjjjj < jljill (jx j ~c ill 

. JJ* 1 ^3 la^iJk 4 .1 »■»! 


p lit Jp JjlAIL j^nl < 4 ill'll I 4xLLall i_ijxJI <LL(jj jUalj^Ll Jj&jj Jeuxl 
, Ijj*.. ■ ■■--'■j lull'll IjLcJj LAjIjIaI ^x j2j . <Ux»ljc. Jjl pLIj 1 JxjSI 1 \ V£A 4lu> . 4x_caljc. 

< Lc5j>il «_i^i J^Lx. ^jU. j ( ilA. I Jjl ^ jjl^xi Vo ^ij 

. ( jxLLu> Ijlcj < Ijlx £ • 0 ♦ J 4 C iiuiijill Lj&jII JiLux f^ya ^jllxl Jaji 

<*»■■■ ^jtj « ■ -j~ i jlxx.1 4-ixa I JC. pLli LjjLa. JxjJI Jljj V jjl^ < iillj JJU 

t L uji aJL^ ^Jl L^JLujjI i "*~ *11 i j^ ■ “I ill oLiVjll Lfjji...I < \VoA 

4_ixlxll ■ -J? I |~ « *1-^- 0-1. CjI 1 1 I II ^ I ^11 4 % I M Jljl V ill il^5 

. || .|c, jLj&l p lja.V SjJbLa. 
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(N'WY) JjKu j_5 £ l.-a. ‘ t /l 


UL 


-iuji jkj J—aj 

^J7. \ *J A V I J=uL-o L$J Jajl^ It l.,la*W*irt i iTw.u'Taj! Jjjl 


^“u .« j" ^«L %4 A t \*\*\« Oxu ^jlij TV jk^J « I *tfl ifljflj 4-ui-Jf 4 cLuJI 

. ^k£.lj J^ila ^Jc. Ojfllmlj < ^IaII \ ^ ^ 0 " k LujLo 

Laj t 5 ^.Al^j Cta^u^lj < ?Jexu ^ fl*ua! 4 j£J < *Uhj_J 

j «* ■ ^ ja ,?k I jLujI < t-A->j^ 1 I CjliLiilL 1 i*\ > Jtr 

* f 

1 t J% i | 1.1 a I 111 ^j^Jg 

jLcj < UiiiH C**-_ajjlj t JjJ_aJI JlLS <Lo-«aljJLll OC-j-fll dllj J-*-ij 

t Ijlc^LS YY l^i^Ja £_L ft^ilvx 4iskj SJH t p Ijjifl A uj-oLLJI <C.LuJI JjLaLi 

» CjlcLu) ^ I,Mi OAj4-lJbafj 

. A^ull oL=kUII jaAJ jkLal fLoIaII jLoC-l kiLtiCuul 

t |<jjj *?Cil I <JjLill Jj£1I A 1 \ jJL l-qjI ^ <j| ( 4-fljl ,4^11 

^Jitn ajf dLQJ JcLX^Jll ^J| S^lj-sJI Jj-0 UIJ I (liJ C ^ * Ui-S. * <J^LjU £_Aj 

Aj-o J^V < 1 ^.LjluII ^ fl tlI AJJb <*KaT. , 4 _fll_^JI ^^ajVl <j^l ,1 nil £_ulli]| 

. oiujti 1 nil (J-iljl ^ LfrjLt^l ^jj < \^*\o Oxu 

ilUi fll JixuV *=LftMI 4Xi-aX jLaj A . y\|jx -"«!* W Ojui 4jIJj 

jcVL^i^' j&l>Li IjXaj 1 I »*jj ‘ *11 ^ ■ *»» » ilc.j . <jkl ,1 nil £A-i)I 

. jjjLlLL -In-i^ll jajll pLs ^La-> (j'V.ll I (jil~.ll (jj. olxfj 

4 V*^ I mi l . 1I b j_A jja <_j^j_aII j ULIIj < Cl-JJ-lilLl <_Ut jjL-*ilj 

<jj|_t oj^tl _cl All I J)jQ I j~.alL» ^Jc, J ■ ^ , L j. 7 C.l l | jd _ 9 . ^ I J '.* . 

• (J“ » ' “ ‘ I I ^ * < » l (j* Vj —j < 5jlJ_=JI ^l| 4_tLaVL OJ^-iill jc ■ x " ^jll 

CjL- jlj-j-a. »~i~i I niji « Ljj 7C.1I a jjt ^Jc ajja..o -~-L ~.lj ■ -^ »~j 

. jiuaVl oLjljjaJI 

Auaj V aX-tO-aJI aL j->ll Jj_ ua Jj, <J_oS 2 I ■■■! ...1 . « l .t.~.< l I ja ^,|^J 

• £— 1 J—jj| jCjj V I o‘i^l < 5—jjLull I jiL-aJlj ^11 a itill fj ua ^Jc 


125 



jl—L j-uj ^—B.i i «~>M /it') lalI gl iiMI <■ jjiu^l j . < jA.I *iiH jJ-JI jg VI 
< ^ Lj> £l_$jj u*J • l-L^- j j LfjjJ (_jAx_JI < JjljLijll Jj_o iijjjx. Ltljjlj t J_a—ill 
jja*j| CiLui Aq SLi >L-i yill 4-j-jt l n 6i I jljJLL 6gj I ft 11 61—ill jj** «H I j ‘»C - ■ 

. SL=JI Jliil 

L*S < 42L*cI <K JuaJLf liljtb ju<«l jluilfl (£21 £juuI IjSL^j 

• jill ucjl«njl Jii <ii1 ^juuI 
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C*LaAj 1II pill ^r.tim Clij ^(-L UT >Vl £jilj-A Jbj A ^ J <AJjL : jLjjj-* 0 ) 

I JLiALjUj|j ^^W9yull JLmIjI ^ yQ JI ^ LaAJ ( I jljujl^ujlj 4 ^U^umII 

, LiAijESkl . fL^aaII a-^-4^0 . AAuaJI J<j 


1^ \iY <JjJa (JaAi • 6-W "ill CiljVjlL Ljjjjjl Ujt JliLiM ^ kilj : |fcjh«ll JjJ^Vl ^YJ 

CAMBRIDGE PAPERBACK ji* a \^ • * <i ja.r. ^ajI Jjuuj < ^ Yo — A ^jljJuj 


. ENCYCLOPEDIA 
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J^uaLi 

pLijtt J-Sl 


ijjjsii fUjSti 

JtxJI I o a ■ ""^1 ^all jUVI jl Jll jt <jJ &J\ i^itj&ll liA jyl 

LolSjlj ^LuoJI ( jA SjLc. LalSjl <jl^all ^.KunWi t lijl Jj iLs 1 I fllfjiII I 

j^-lc I iVvl ( jxLijVl 6 j-& 'll III (jVI lij i f i lr-vl J-ilj . <jo I ■-> iA ll 5 jLc. 
Oc.ltv»Mil i jSjL jj( l j-o jJljj < I JJb iti- Vvj Jxflj i I j*« -o j j*KH |Jj& (jl 

• jvlSjVI (jldt jjJc <_ila*ill 

< ftjjjill ^.lijVl ^.l.wlm) (jj-vlj-vj ^-ujutl (j^J La j^uae. 

(jfc cjll ^/n ujj . jvUSjVI (j* l»to- Ijjc. ^jjJI ^.la. jfcJ-v'ujil Luljj (JjLiS Jljj Vj 
( jJluI (ja < iaAA (j-UjVI jl I JjUj cl a i ill JjLSlI jaU 

• ^ u*l»% 

4j51j ^^Jc. i_8j_*_lll ^yic. f'lti .li i V JSLlIII 6 jjb jlj-Sl (jl £xiallji ^Va-i V Ijjfej 

i jxLijVl 4 i ^i La. p L m l Cim >1 4jl yai I La JS . <l_*-ijl jl cLiuJu) 

i^yxxxju <J 4-LjaII 6S& £ja J jA fjlfl . IjU *" it-viuM 

0 

LuSiJ JjA A-Ua i 4jJI <j U j-i«o Jj fjl 6J.igj clj^A ^ ( jA B )it ^)ilu!u j*j 

» JoAA jil li^lj 

* iJ-iAaI p^iu jLujjjIIj Cojjill j^iAill ^ LlA^LluI cii < JLaJI <xukij 

^ ill I 6»i laAJfcl I t ** tJ I^J 4 taflfl IaIj*v a l^Jlj ^t|f l pIam| I-* * | ll 

6jJ-I^J 4 A fc^ ll ^LSjVl <r I a-J-mI (JA . Jj t l f . ^yJLlVI flS>Vl ftji JA ^jjlSu 
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t 4jl_li_u < 4jii u t 4, mi>A t 4jjj| i <U}L t ^Lbl t J^lj I a^JuaII 4 .* >iL. 

4-utaLiJI LAjLojuuI 4Si JSklj t 4-J-i^aJLi ^LSjVl AJ_A pLajluI^ . 6j itif i <JLj_aJ i 4jjLqj 

IjjJj ^ ^_il i « r> | Aj-t i t- f 111 's n pl_a_*-«j| AjjuuC. L_»jJ gubjlf tJ-*$ (• be 

<J£1 uj^d *} m (j-o-fl* ^-iLx-aVL ^.LfljVl pLq_uuI Lituj Ijjj < j* I 

* * 

. Ufrl=W> LodUjI 

jU i| jjjuui C-i < 6j <>ifr \-v VI a . pLo-uI Lljjl tjjfe JJUj 

Jxj 4-il ^‘ia a i < vifj^ILo j^lj — ^>1^1 ti lg^ Lo Lflj 

<jLjI ^_A < jittf. LjI < <A_ijiall jiTir. £^aaJJ j> ( A jj_u£. Jc. ^jJ 

^^-A Jjjj-iic.j r 6j-»ic.j <j)L ^a Jiti <j-A 6 

Ajclltl ^Lwi jxij tf V isS 1 o^-°f jL»jc,VI ^ dllj * ( jjj s >juic. ^a 

• ^ j-wuj olj* £ ‘~ I * A ) tj_9 * J “l j 4 aj-uj f 6^-t-Iic 

JJLlJ ( O lj l«.f J < tif ^jJUULlJ 4 jLjluJ < * « jljjl I ^UdLOJLui t likil I I J_A ^ Lu Lj 

I (JLftJaV I (JjJjJ • IjA jkLbj t flj i.tif AjdUiC I |jj?S I i.n < ^ » UUJ O lj ■ *■<* j ■ 

f jl i 5 k ll I fl fartj La ijLc^_i_uj i jvLijVI aj-a LjLi_=kf <m jj < LLa p lj$ ^a 

■ <iLo j_A ■ a l j 0 1 

"£Lj . I III 4 l j.uJ J CZj L<q 4jluij Jtj ^jb ^jJI all ^kj-uVI Jla i ^bj^Lill La 

, <ajJA La^J iUI t>-»jLJI (j^jad^II L&4-ul La-A all j 

^3)1 < (JaJLI t tfli*! Mil LfLoj < mille Jjjs ^_a ujJI J 4_uLoj^1I 4 ^Kll ci»L^ 

, \ • J^a>Vl ^jA 


f 

^ I fl .t.itil ^-11 4^L=kJI *. ^ ililL* i alVl 4 ^*-i LaLfljl ^ju Li I ^.J V.U <tJ ^j| 

. aii aii ^ji * aii *l i a* j >,< 2 ji < avi aj* ur 1 \\k ojj . »■*’ pLuul 

fjcLa. <t_o_KJI a jjk < j tIt JjLa ^~n»\j < myrios < nK JjjjxJjLt jjl^j 

jJL-^4.1 ^ " myriad " 4—JSi ^Jc. llL«a_a.j . »_iVl Sj .7. & U ,.ui ~J , myrias < «l.^i 

jv.i-»~i<iil ji Sjjli oVl^ <il j-o ( IIjjjS Ijjc ^~n~it I*!*■« t^.~...lj ( ^UjaII 

dVl iji tf 4_fl \ i ^ *iit"I 
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(f- 3 _ YAV) Archimedes *» ittjl ^ju-ALjJI i_iiS 

Cuts 1ft (j o <UaS (^1 Jil jkLSjVl jfcLtu jft l j~»~>i i ll { Js nj 4ll jejuojj Jjl I 4 J J mufl ^lal 

ftjjtjc. i_iVl ftj-itic. jj-o i-iVl ftj itif. JjC. jjjjlLII LaLtu jxl-i~i.il tilljj ^LSilj t ftjjjS 

. uflVi *j'" r j\a jjil ^juii jlS.uL j^ Vi Lftnn 11 JjUj 


^yjjl ‘La.jjlL 6 t )jlI) ftjl —• ~H OJjIjj < ULIajI u& ^ l u ti^ll jj itfti ll j^xljl ^-fl 

1 flVl i^sVj jC j *n~ll - jJS i7t 1 j^oVl ^0 ill [ * 11 ft I I fl * ft ^ut^l 

. i_aJVl i_ftlY <t~uaLL «LaJS jlSjui J > aU (ja ,jl (j^jlLLuVi jL»jJI , i J-a. ft'» ' f 

jjk i^uiVIj . j ii£ t_4ll - large mill ij._i.jS >L-a < milione ^iL I a j »...j 
<_ujjJI jftlijVl ciauftl < 11A il LujJlI ajJLsJ! iiiu , <_IJ li-k.*!^ L million j j11 ^ 
iV#*\t Of 1 I t 1 t I \ I • jjftjJ* fj-oJ—SJL hiIj f £.—uulj —taj ^Jc ft"*.-* 

. (^ < A 

Sji_ill tilt* ^yij < j_iit jjojLuJi jjill (ji Lfjusl ^l. vA j m l f Lij 

Nicolas v ^SLu ^ .iii i jail jJI ^jlS^ . jnSl ^UbjI oLqJS jjj JIjj V cuLS 
■ uJ^-“ “*^ tI 1 - ii ^» n jft j ■%! 1 ol (Jjl jjs ^ \ c • • — N10 •) Chuqet 

jjjjJj CoJS jj La < ji.1 (_ ^~i a ftj j . 1. M i ft (bis) ^fSiiiUI u-° S jja-Lft (bi) <LjLlli 

• a“>“ aJf^' ^ (L»j cr* 

= (j j .. _l I aj < V • • • = l_Allj t \ - • = ijl-11 -S 4—-JJj-jJ! jlj_fcVl ^y-Sj 

Sj^—(_j-L •w'- 'S j— a i < * l 9 iln ( jj—jLo j-A (jj— lIJI Jjl—S Ijl a . \ . 

t LJLa. Lija.lj I—-jjLLjjj ,j_j—JJi ~n n j It '■ ... - ^ | | , 

, qJ ) jlft i-LJV ~ 1 h i ,jj—jijlI . 1 i t-i La < I uuijij ft ' -«-~l I oI >VjiI (ji I ft] 

• ji 

■ ~' l ** -mlj < ts>^] CiLaJS Jljj i CuLS ftl ' A* ...I jiljjjl j] Lftj 
^LaJS I ’ l j j lt clijl <La_jlij . Ij^a. < LLuij <Lm«a,j <JLljl j <ilu>UI .-. Li.'I il l 

jj jh .i. S .ij , quintilion , quadrillion , trillion offlfji Jla 

• (j?* « octillion , septillion ,’ni lmi.ij , sextillion 
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6j 4 uitl f^L&juiVl 6 JJb ^ya ^Lfl < ^Sli^joVl ^1.1 ^ *i t*\j I ^JB| 

( (N...) till o**-*^! j_JlJL_»J £i 1 "fc \ « I j ,5 .1 i 0.1 ^gjjl 

. IjS-4j (N, •••,*•*,••*,•••,•••) till jjjJjjIjillj 

Ul*lipM aj djJ^J i JjLJI fSjll 5j* g?jl* J-A ^LSjVl ttSA (j-a its <jU < (jjU=ujJI 

Lajjj< (N,** •,♦••,•••,•••, •••,••♦) a3^-» ol>^“ jt * uJih aiX 

. (N, • •) aJt^kP a* 4 * 


. ^jjtlluuJl jbLlajJI Ij-A jhijrh*i i nl tiiC ftjlc LJjLjLj ^jII jfclSjVI pLo*-u| 

.ill jjI * t <jLo \ t centum ^iVn■■ <la-uV JS ^ ^jh iijLJIj 

‘LflL-^VL 4 j}L ^4 * * **- * 4_iLa 4 ] oVl jkUdutl ^jl 

. jLL^I T♦ T -j ^^Aj-a ti ^-[5 ^Luj ^.Jmu.uIU 1 —jj-uJI ixllxl < i_flJSU 4 _uji»Ll4jVI 
. jAi*a *\ * * -j £jhfl J^.Ij t jfril \\'\ 1 «lI ^Luii ^jLLxj^jJI ^I k’JI 

jj£ ^Xa 6 Xd^ ^Lfljf p Iaj h| JaLuluil t ^xlalL t *oll 
6 ^ LJu^J Vj-aa_oj Lu)la Lo Lkj IjJomuji I *= Lol*J I ^jV < Jlx ^ IiaI I ^j^J, I Cx!^* ^ 

. s^i fiijVi J\ 

jt±—ual (\*\o • - \ oA“\) Rene Descartes OjKjJ <_ujj ^ , u i_j ill ^.AL^ll 

■ |X|Xlj| lx I Jia < ^ 1 * a j-oj jl jfcdQj) SjjSill oLftfcl t All J Mill L jG-o 
J Jtjjiuafj < ^jajVL u_5j^Jf ^Sjil . | j \ L fijo gj Lilli ftJ-A Jual 

. IajLui 4uuVl d J-A 


6j^o 1L 4-i LLI 4ilj£ l*»^* 4 a t \ • * * — \ * X \ • X \ 4 \ • • — \*x\* jl ■ t> “ 

all ‘ 1 ^ * is* ' * * *' U* (5JJ u< i>°j ‘ * Aj^Xa/L L * ♦ (.Ijjuj ( ^ ♦ 

jiLkill IjJb Jjljxi Laj . J^—^ ^libj < \ * |^i \ ***** * jlj 4 \ * \. 

6ji X&fj-ll Xu jLjuaVl JXc Jiaj j^^uVI jl ^Lt ns 1 mVlj ^yut 

ob * ' T ^ • N •,••*.•••»•••»•• * <jt JLaJI ^ 

Ljjo—» ^1 jj.._ a -oj < i$j —»-1 5j—a , t# _» N. 

Liul tijJU aaii < I ^Lblll jlital T*T J ^^tl-a Ja.1j 4j(j ,M.it».XI 

"**""t * ul^i • T 
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ij£ i jkLijVl cLodtuI ^oLol^U (JLaixl lJLlA 1 nii^y 

jilluVI jkLlaj jLfl i 4i£ouo JjJ ^ 4jh*ka LoaA JJ'ki ^ jjJc-VI jkLfljVI «s L o jluI 

. ^LlbU JLa-a iJljJb ^juJj <jl£* |J£ jkLc J£jJuj 4-ilc. jkllu 

*\ , V * * jU t fj^Aj . LaIx 4 a ^Ij^U 4 i * uVI j^ojll jkJ "k"> mjI jl ajj 

ajj . \****X* f *VV ^ ><v ^j| \ * • * x“\, V \ * * X"\T ^^Jc. LflliK &J 

6oa jSj £ \.x- ,“\r ji, r \.x'\,r ji, Vxvr iji* yj ■■■» 

^5^11 Jj-o ^-»-uVI ^lc, 4-ii ^oJI 1-in-Jl ui/dl 4 j| ^ic < jo Jjloitf 

N * x"\, V IpSfcA 4 jl <—*~^ i *V, V * * ^jLa un nil tiUolj . N \ 

J-^JJ V <j| <1J d i III (jl l*l‘>^ a l a tj l ^ |».L2jl J l^> fl~lll jl 4-lL2LII jjt 
!jic. J i I <i~i jjl Lfl . ^j^Vl <ju u& j i<fllll jl <-il V~all <LLujjj 

Lulj j I j^aj JI i “t-JJ >—fl LtA a i ( ) <J ,* iflSj Jjl Lulj “Li-fl j£fl~t JI -OatlS 

. <aJ| <fl l iA n jUuaal <r. jpg-T»n <1 ,*,Jjl jl < . a«-1 ■ A. 

lM tj£f jJ <j£l < liA Ij-ftffl -AA (j-al-iill jjjcVI Cx£i U*b 
JljI^ jilf n il jJL ^IajVI JujLui ^a JaLuJI jjfl CO * . Alj^tl Ijj ^~i-v ^j^ujjlt 

. djljlll ^jc Vj jvLtijjL ^iSVl jjlj 

< JLill Jj-ajui (jJLt« NY.YiLui^ 

atlaaala nj LJLk ^ajuu La 1 t> Jjl (N Y£ • j_*jj — N NV • ) Leonardo Fibonaci 
a£^a >, N^^Vl jjA J ml l l l *» JjC SjLc j . Fibonacci series ^^ual^jjoi 

iAiO(TiV(NiN :jA J i n l unl lj , jj fliL ull jjj-ofl^JI ^ja ^ n jJk jkflj JS (jjSj 

. ialfiV L^ll . 00 . T£ < \\ a \X 

at JJI jjl 1^1 l-k a qjj.l -k n _)_ic. < 

o-° iflfilai V 

. unending ^^Ila V ^iaa iiluV ioK <> infinite 

lS^“! j^yi J^jl I a > i lir a jalt ^j| mil J~| ^ a!I ■-.I*..*.l iitjj ^lj 

V* * “ ^ <L y t oLa . a LjJI ^ Lc^-> (^VYV - N"UY) Isaac Newton CAs-^ 

4-aSJ^ Jl>auu aal lj a IjjIjilLa IjjJ aJJ-kJLI JXC. Jjji^LiaJI Cl'fl i a Ji A l flll l 

^lij] jjjll 60C.UII I-Ij l n c.) a j^aaaljjjLLi JajaluU S1L* (jij . iofll <HuaVl Lft^u y 

• ylj l__>^ a^alflj « jalt J^VI jilijVl CujJ idlj Jfljj a <Lltua 
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yjc. . ULajI Jill lljji . 5-C.jjjij ^. tU IjJkj t iid"»LjJlj 

f ll llj 4 V* 4 X 4 \ I d I 4 <>LI | ^ [fljV f ia^UlV I jjjuuiulj ^ ^ tl Lli I Jklui 

-laLiill 4, 1 in l ii i £^OJ 4-ftjJaJI . . . V i X < N : I j .i’ll jjl tllll aj OX) ■ JjV I ^Jl 

■ JaVl ^yll 4-ajLflll J nl»Ido cLl ^ *i»ll 

ijl < J V' ... I T ( \ I \ i-jlll J-Lfl < <_sd J^iii Ijj -k n Ijjk Jjjli V LaJjJ 
*UxLo Jjllj Jjl (jjJbj Laij I4I0 t <jl jjjj • X N ^ ^UjVI J1 Jl.jj 

4 X 4 \ iiiul jl ( T* * ... < T * y i \ Lk^jf i^Ljl .*id li ^1 d Ij*141*1! 

iL itAjJall difj |»lijVI J1 £)C. ^JdU jjl jlu Jjllj y. ... 4 X 

John Wallis juiifj ^ ^ % 4 c \ i l * VI ^ .4*4L^JI - * ^ * • .■! 4 Wo^ ^*■ ■■■ 

4 X 4 N cull Ijli . 4-ujLa. 5 1 ^oi A ^J5_) (NV.T — N*\N*\J 

tJl b?> fMi * OO jAjI I ^ yU Uj , JjV I ^J| J fllLUrt JiJiiuuJ I ^)| I JJb ^ ,fl i OO . . * V 

■ J.W a jit J^i.uJ IjSLhj jl < <LL£jV Lo ^11 I J^-Aj j| < JjV I 
< endlessness ijl^kL « infinity" La" 00 

fj-g-fi lillj £*oj ■ 6*1^93*^11 ^LijVi ja£| < Laflj JJ '■g ft J5 Lm i 6 jLljlcV (£}A Jjl-o JLj-Aj 

, i.ltf-AUf ^Jj Jj LoAj jjuJ 00 . t-Lk 

(^1 *iA-i <jl -<u tj^Aj . 4 jL$j}UI £h° 4sll^a CjL^jJ tjl ^ fl t iJjUfliLj 

jjic JL-o^JI 01 \ 'Tfc 4 * .t_l jlffclf J I J-CrV I tJa.xJ..».u^ I \ •> *l-mL ^ I i 

lKj * ty® Sj^^II oijill JSj . .L^J\ JSj < ^Jolj^ill 

J 9 JO UJj-J-flJ Jjl {jjJj jfci—AjVl jfcl hi I jLaILujI £jjJ J-*J Jjl Ill LfcI I<a iftl 

• Olbl4 I«Jif Oj£k i aC ( 4-i La 

Georg j flil^ ^j^ a* ^jLLVI ^<^LjJI ^LLXuii jam !Ij 5 La ^aVLi tillj ^aj 
J allltl J£ j-*J J11 mi V <j| < \AV£ 4juuj ^ (\MA — \A£0J Cantor 

*LL^j V LLI |aiJ JjlSj < I A.If, ^ i l ll ^Uilll < Jliil J**»«■ (J ic < JLa. 

. LajjI ^^"1 V 00 ... T < T < \ <j^illl ^jc. <L>I£II ilinUnil o'^j • LojIj ^ i L^-&a 

jt j^Jcl 4 jL^jV Lo ( j^ 4jJj aS Jaa. ^ ^.ViQlil iallltl Ji£ Jjl I j-Aj 

^uajl Jii c . 00 ... T < X I \ JitfLil jVl JJ£ 
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Ifiu {ya Cul£ < La i_uj 4 i fl Tia V <Luiiui dllAjh jjl <_>aIjUfll > 11 £ya jjl 

lii| iJjjj jjl {ya , J-i < i_jLi^li Ij-A < ji < J[$-A.iJlj Jj~> i H ijLtojj 

?fl ■■■» ^-fl IJlA ji£l jaJI ^1 <La.l_2kj I li .it j < J(j Ti 11 jfcUjVl £A tifl t 


SjJuaail ftijVi 


? S^uLua ^UjVl ,~i jl (j£dj >. ii5> < jaJ &L=kjl ^JJ JftlVi Lltj 

f * t i ) ^ < h i a i oo ... V < X t \ : ^ ^ ..^M ^ * * * «Lf I ^LfljVl ^-a L* a a LlLoLu Ijt 

^j-o (JSl ^irJI JJ£. idLj) jjl ^fli ^Lfl . jfcUjVl ji i/^l ^Jh ^1 ( ^ ) jxS^lI 

. Jfill J-JJJLU ( j\c. i JA-Ij 

^JL-i*o(j jJLual L_aLfljJ ^jlIi i" Jjl i jj f clllj IJ-C. I * * aj 

Ijlj . £-Jjl liLjJ «a t I OJ^Ij < <jk_u^ii^j Cj|J j IjLfl . £^UI 

6j-a <LiLljJI Ojj^ lj| > 6J^(j gljjjl t^Ljl ^uuajI < ^ *1* »M 

V *—*ifl < SLu^. £"^Ioj ££^^1 

L ? 1 **x j tjJ jal < Lft-fj nothing JjL^j jJi 

(^i J-°J *jl J“°1* ^ f fl * ^ lj] 4^1 

. 4jI at lI jV f V ^Jc 4 n i.«jftlI Jjaojuull <j| Ijc Lulj 

(“tr^ V) (jJaiJ jjt (ji < llaJt Jji Lf Jc. t i&l j!^&j t ^AikUll ju x>s*H 

■ Jj-oj t>o > V -t. a a ^5_I« -> 1 ■ UJ J jjl jjioj V < j-ajll Ij-A UJ^JJ • lj-aj 

<»JL^a Ijtl ^Llaj ^Ull 

. jLaluu l>al as^i jKj oL^LjJI iJJj Ja^-J < < >» IQ 

<jLo Jj*> * ~i (j < ^LijVl LaJLJ. abacus jIj^lLI cLnlall >.«. t l ... I 
(jlluLjjj < c<llLI <iLa. one counter Sjatlj <>■■*.« ^ ^ \ 


135 



j-oj ^l j A~i «n l u* jdj . olj .iL» ll ilLa. » I«ii Vj < jLa.VI <jl_i. 

. iiUJI none V^^xiV" JIoj 

j*-“«l ^jJc, <J J .t 1 «<!_' (^jil dij) ji^ll ^ j^-uoL^i 6 j&JI oijJaj 

< ijjiirt ^LLu Jxu jl^ . AV\ 4lu Jil La ijll ( j& 

• <&j-^a 4laSj jjij ^^allj t ZjjJu-o ijaljS j| < a^^iS^U cjjjil Jljj V (^jll e^^xilI L^iV 
<jLi£ I n^ l a i t ( (O) <U>LpjVL i j ‘"^* jjotjj . I /i La ui_}2| ^jjju dlal^ 

. Ciljuill 4aLL Cil iiijtll uLc (O) jja] Qi-t. < \ • Y i ij ialL gUjIj <jLa 

j^^ll Ij-A (jk. ■ Lh?* I u^l LA>L»jj Jjlffl Lh® SjSiJ! 

lit jaj • (jjjj 1 jIj i II <LJLaJI <jLkJI) empty LJL^. < sifr 

(£j4 Jjiul joSui j| j| « ^UjVl <Lalj -LI-i mV Cipher jiaall liluuk 

j 41 aJI j^all ja ^Axaail J»aj . ^jLai ji i.iaj ^lll| 4j i^n ilLuij £*a jl i Liail 
u* fUjVl ^Lfel J*^j > JLiil (jJc. < NY.jN.YjNY ^ 

■ Jj* ch* tf JJft fkLIil ^1 Jja l^jlj jjSl 

• ja*«VI j-Aj < zero (jjjjll) <=La. L-o->l jAx^JI Lkj 

e^yaill jJ» La J)V t Jljxa. ^L ^LijVl jJl m al <ja LJLa, (jjjjJI) <jl JJ-J 4 J-5j 

>t iV jja jOjaVl 

ja IjVjJ Q io j^l Jtj jjil LiLaVIjj < Jjii ill* a (jail <<41 ^jljll < j$[| j^j 

La <Ljkj di i in 1^1 Ijj <jV < f^ju V (ja Jil jj| ill* a La jjSj uijduii < •"■ 

jjJ ill-J r . t "i i^j jl i £-iklLj . <*lilr. gjll JpjjJI ^* 1 i l 6 JJ 4 «ii uij i m i IjVjJ 

• p (^-“ ^ i>° J5l d*-a ojSj dial “L^Uj , jVjj ,ja jjSi 

i jf ialLi ^LSjVl ali uKi jl (jiojj < j^_ull ali <_JL_u ^lijl iLjlj 

j^xi I ^jnfll jj J a Ij jalli ^LajVI adl Ij a*i ■*** <<■ i oo ... i Y— t Y— i \ — 
r^» <j-o < «l.»ll *—i n-»L^il SajLaII ^Ic. bjjju ja Jjl jLSj . Ija. < S)(i 

- N o • N) Girolamo Cardano jiljjLS ^JLLuVI ^ < ili..JI 

. (NoV\ 





LaLSjl a h ^ qIL ^ ij* J3l <-JLuJI ^LSjVl £aj 

* 

^jlSIj ■ ^ tj-° j J3I iiLio a < l lj J * C ij5v IjLfl . 6 j j> , ^ 

dLLc dll q-lJaIj c_i jj U fl . I J-a. jj im ^Jj-o dJjLo jjfcS jl LoS[ dll j j hj <1)1 

. Ia^. IjjjS Luj 

J^a I '-- «Lu_^jLll ^15_)VI Lfj| j^Jc, >J li Iflll jkLSjVI j^JI jiaJI Lalaj £->Luill J^a 

*^l>* .*l.,tl ^ * tflfl t i .11 . ..II . u l -vl1 ^Jt jl g jLaII ■ nL^JI ^Jc. p l^ja i jB i*%t I 

IjA. Jiim jl < ^jit-LaVI !jlc. Pjjji V (JUliI <j| £a) (j-o 1.1a. 

■ (J5U.V p^yjLiiV <il <2h® 

uSJ. pjii 4 J -0 d^lj £^$1 dLjt OJ^f J ■ j^ idl ^^Jba ^La| tl* i Aj I j-Aj 

< *Uuj j| ( ftii t, ■ diuJ jjSj <j| jjj 4jSLo_i_fl 4 p^ijull IjJb 111 fti lj| 

4 a 1 <i ft 4 a. 1 t» jjh jjl (!j^ iJ^A * jjjjI 11,1 ».a jjJJj-A ^i| p^.i.til 1 Q a^n fl lj|^ . 

. 4-&U1AII ^ 7 jLa. <11UI <JojjJall J^iai ■**4 \^/V < d^« t-wH J^o^|L»j 4 jjail ^ J=Jj 
jj-c. jj(_£ L^J ■ I i£*j V° Jl V* Jl NA <j& ui J^iL-5 

Jjpj . jLual j „ .. < M ^1^ < 4 1 1 1 a V i a.1^^11 I j .If * ■ '■ a 1 ^all < lj i ^ ^jjLuall pf^^VI 
"in jjl tlll ^a -i >±IJ -tl . P I j-a.1 (£l ^jj JJ-C. ^ . n (Tl ^jl >;Li5\ a-i t 4 u jAL^II <■> -wtall 

. V ... , \/r . N/V < \ Ja.tL.lfL 

Jj-* ^ iJaLlai * C»l J.pi L^II Lo3j Jaa p^jju J&jj V 4j| lajj 

Ja-oj jklJUl ^5^11 LaJKj . j » .rt l La_Sj 

^LaII LojIj jjl (jj^ai ULj t j«'^! ‘LaJjllll * - >atl oils . ^<JjLLI aL j .7.1 1 
L n ^-a < jXufil 4% > LJ I <U^II Jjuu jl Lulj <*1^ »* < Ijii^ 4 j CjIJj Lq I ^ ^ ^ j «^| 

<i old-* La 

4^C. j i \ * til «*l 1^-aj 1.-ftft a t <1uluI 4jLijJa-i IJ_Ok. »* j^tSjl ^jC. j * *«“1 1 

. dlljS SjjjS ^L5jl 

• • • * • • J < \/ ^ ♦ ajjj-eJI LfajL^ tjiaj \/\ * • ,jIa < Ij^Aj 

• ^ * Sj^p-allj vjJ^J J)I (j-° 

• fc t k’ .in ljj| k_u_)ill jja « >U^1I a IV OO i_.t^~i lutt-iu.il Ijl - ....l*.H 


757 




I ( N • * * ^2kiull \ * ^Jc \ • • « * *“•« n ‘ ••& (jLfl I 

\ * i j-A-l iuj ■ \ * 4 ■% \ lill \ * ^^Jc. I j < \ * * d ^ t ~*t tl 

Y Y 

1 ^ Ij < \ * N * fjic. I fl~ww .ii. il lj < \ * ^ * I fl*> il l nil 

4_A_i_fl *itLi N * ^-Lc \ * LjluV l ^.i.M fti 6j-fl ^ ^ \ * ^Jc. 

. *La»lj jlj&aJ ^Vl 


<jl j* U i . \ * ^jLljjJ j| I_t^k j fl \ * ^^Jc. N • j* * It A i I n.t'tt fl t dllj ^Ifcj 

. j^Ij ^jLuu I^jIa \ * jjJc \ ^ luifli Ljlfj < \ * ^jLulI \ • 

^1 < ntti I oJ »f ^jIJj t N • ^jLaju -1 Ifl^Lfl ( 6j<"i£ \ * Iwwnfl Ijl 6^-o 

* ^ * ^£3^ J IJ > Lfl-lLfl 6j Iliir. ^Jc I j » " ■■■ flt yjllj t \ * ^jLdUAi Lfl-lLfl *J ‘~‘ p j^Jc 

^jjL u . l 6j iTlX- ^Jc. jifc.1 1.1 fl.t l Ojif-J < \/\ * ^jLl.U.1 \ • ^Jx. \ jj . JjS^I I J^-Aj 

\ * ji iillj j* ^Tll fl < I J^-Aj i \/\ * * * \ * |W.*A..fl I I A < \^\ • * 

? V'* 


=>- 


j* Ja.lj jljSj 
\ * J - 4 O* 


. j£U. I.&aj, \/**.\=T-\. f \/\..=K-\. 

t \ * ^j_4 ^^jjjii.1 Ijl 4 jI IiAi| jl I 

i < N • j-* ,jLS Ijlj < N . 


(S3 1 
. Ij£Laj 


^juV f < 4 jJ IjlI I ^jtLuiV I J^Iai J>Afl t 4 _jjjJuaJ I 6 j^ uJ Li ^fl^J I juj *ilj I I 

^uVI < <JLJI juxuVlj . Jia ^Lfl^u^Vl jjc ^jLuu ^Jia ja cJa ^<) 

. 4 j^uJlil <Lo^L*JI iJjfl IjAj^ ^</\j jl Ja^juui ^Jc t JaA jtflLuaVl Jiftl LjLua 

^a < \ *♦•**♦»« — \ • Aj N. ♦ — N—\ * ^-A * • \ ^jl,<dttj \ • N i I ^ a j 

. IjS^j < • < • ♦ ♦ ♦ \ = A— \ * ji Jja. 

i •,*♦♦♦ \ X*\ fTA ^j l i il \ li^i ? - ,-"WA Ji-ft jkij JjJ jl IjLo 

. A-N *x*\, VA Sj^iJI ^Jc, ui» jl 


. si .»C*i ...I jLfl] L^i M ,t„iVt ^LSjVl 4,.i aL^ 6j j"k j jVI LlijJ 

. JJLl LojJ ( fliti^U I jliVI 6JJh < jLuuVI 
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^jLukJf 


j^jkr j-ijuil 


taLaJ) ^j«bjV) £>isU 


Lblja £lu djLi>Lsi^lJ oL.lijjt < (jVI ^SLil I i i t i fl U ^jll £&JLui 

< Challenger Deep jsulLuu ^1 cwujil <«t ^y» a1 JjjI < ^ Ijiajli jtyjit) 

. I jj . ..a". jjijVI jlaii (j ) ^ La I j| )lmrt ji’iH tf all liA <jSJ 

j> -V--V.I jn n -t jji .~ f I^.T. j i ^j-ajL5i \ X" , • * * jjc LbjJad iij')J 6 j^i li 

(jjfLl ‘ ftj ‘ ■■ a i ft j ji mi^) ^yu I I fl-ft l 1 ^ i%i^l il Cj 111 Lu i"in -t ill t.i 11 tj i Jjj 1 l l 1? f 


6jl I.ur. ^)^ui JoxaJLI (jlfl — 4-ijLc. jJjLiLi 6_^S ^l-i 111 (j-o LijJU j\^| j j)n J I 

. Ifl -> liiii ^ya /W • ^ya jj£) JfLoJ <L^Jajll (jj> 4 S-l 4 j 


^ILi liil <L^lS jji CiUaa^JUj JLaJI jjc. (jLuiiy 1 Jjil jljlal JI^J 'i lillj 

Jju La <1 J it-in W I iijjJll £_uj£j <jl F_^ll ^ il->~ i u I i (jjj i (£J-a (£ I . jLuVl 

a 

6j$ill J>Llj jjc i J L-Ll Jilin jjJc i 1 11 iii iJjAj Ji J^ioj 6a I j } La ^Jk i . J I 

^4ilj . th^ll ^ii^jVl 

. l^ - a ln ii u 4 -kj-t I 111 I Lui_j*-a ,ja JSS ^ojV 1 jjc. Lui^i v_4_yu LuV i ^*1 
^5^lil aLilaJj ^aj • jiVl Ja£a jjj ja*JI ^ (jjLuJI a lila.1 <Lib_yia ^yti 

(J-L (_yo_jVl JJa iJSj-ii (jaj • v-i^lail jjJI (J Ln -i t i t l J^a a_jil _)_flLmj 1 . aj if ^iVl 
cilLS U.j . J C i iJ I (jl (j-olj-SJI <j*j ^Lljl idjjl i j-aJill 

jl *> ■ »-‘ » j vJlj u^l jLiil La£ 1 _>lo jJjIj JliA £jjSj (jl 1 JjSi L ykj'l\ 
u^jVl jJaiH Jl v?iJ ‘ £^LuJI u>*^ ciLluLaj (WTV — X"V£X) 
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JsjL itir ^ 7 1 n »,VI lUflll ^j-c LjjuuI La-K ^JL^f £jLLU 

Jjl J-Xi . < fthn^ 6 ^)^ O i ii ilj 6 ^i \ t\ ^-=kJaii-o ijajVI ^j| 4 -v iVtllj . p Ij" «««V1 

jj t p 1 i Aall ^£j 4 1 njif Lfjlj i La IjJ Ij -lm is> 

- So-^jV I jJlu 


^ij ^JLajitl I ^jda I^j-o \ YVN t ij **jVl jJ=Lij j-Lu c cltj ^Jlcj 
jJJ . p IjJLujV I Jn -4> j ft—fl Ij Ji a_ft 1 1 , ^ NYVflV ^4=kjVl jJaJa £_Luj < 

liA ‘"‘JJ * ^-»ljp < mVI £ L*-xjVI jjJl ftjLjJI jl.,Vfl a ^Jbj < I^Loj)li^ iV ^Jb 

. /.,rr 

jl < ( ) t-ta^-n j-I^Qjj 1.$ * N • X \ , * AT jJb U Iflll J^iull IJJb 

• u i^ft ‘ 


. <Jl£ ■*-»•* In^wat &xa. ( La tUi ^i| 4 t<*% <J? i<■ n I 1 v* 

jfc in-HfclI lift 6jUI <ao£ L^jU ^_jo,_jiJL <3j ^* 1^1 « lalaj <2jj 

6jjb ^uuLin t <i ujLih. JLa»a Sjjuj ^LiS ^Jb jim-N 4_tS^ 

* ail ^ ££jjJh ,i-L~k tVI jJLsJI ^LS t NV^A 4iiu . 4 i h ^ £_* 4 a,}t Sj-Jull 
* * 

(jd^i Ij » « .rftll i-ujLaJI ui^ Ua*<ajj (\ A\ * - \VT\) Henry Cavendish 
(j^Lfc ^Jc. ^jVI i^i '\'y\ IjJb I *-J_5_>*lI ^aL^ajjll Cilj^ 

jJ^kV I I 4-t^ umM ^j| 6 J-blt j-i5kVI ^ ^I ^ 1,L*L< nl j . 

4*1* .JL 


< <,till ULuj LoAj 4_J| ^.ill ^<a>jVl <ixSJ ^jJ^ll ^5^]l 

XO , ^ V*\ jJh LJ U. « fl t | |j . | till J J 1 g >L Ifl <liJJU 

■ aJilP uAflP ^ c SJ^i tpjNj) 

jSU <k^jHI "<iliUI" J. ^««a b A ?~ ,v 4_b$ I «*»■■* lj|j 

, ^ .XII ^_A I ^ I 41 »*i mini ^nj I jfcA ^vll . ^-ajVI j* . ^ "K 6J—aj <.. 1*1^ 

. 0 f o\A ^ IjL^lkl jj£| j| 

\ ♦ * * L.. j.11 * ^jLa* <iiL^ <d ^jil t cLLI 4 jIX» jim'N {j^LL La SjLlj 
. p 111 <l£(a£ 6^a 0 t 0 \ A ^io^u^lil <l£Lj£ll JjLlj tillj ^-L-j * 
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Jl j ^ Ifj . * J^ ^ ^ YA • • duii^La *C-fl 1 ^ I % n il jjajV I jJ *\ <^lj 

0,0 N A jjc (S^uil jj A» i J_ 1 -$I <_iLil ,jAjVl jj-o < > j n «1 1 ^laLioJJ jjjSu jjl i_o 

. jajuij-ill lift J j*/^u=k£> 

I *K <j|*i^]| jI ■■ ° < |*> ku* JSLcu «Lj •> <j "» LfK j__>AjVI ojL£ 

J*^ Ui |A|... JjJ ^jO (iLaiilVlj illfll ilV I J "l i i rtl l Cll illl j"l (jj > % < j^-nxll jlj 

. _^t otil£ Jl Jiuil 

J-aj < t_sl£ jj 1 <LJlc jj^jSa jjl (_jAjV I jiijdA «lJfc jj I u i u II I jjll Jaj » . u-l llj 

Jl j ^ ^ 11 u» .A**i jji. .-v i, <lJjul!I mjU. ill 3)-° Sjj^L-ll o^ L. JI i_i*« -% a Jlj 

3 I t jjl < <^lu]| j . <i »j■ I I <kuijlil <fll!£JI ^ioAil 4&jiJ 4_Jlc oUl^ 

,fc tiK * jS^L I jdQ ujfllLi jSL aVI jrt> 1 ^id ! jilij i a J^ilu 4jj~x<rt I ^ K Ci 111 *1 jajV I 
. j^juol I jjn <aIZi£ jj£V I J Ijl I jj A»i 3 1 '-!•> I j] < c-uSjjJ I j Li lli 


Jjajj 1 j_jAjVl jjc meteorites JjLull A «i Ljl >_-^| s^yi 3 1 4-AjLucJLI jjnj 

* 

(_j nn 1 T 1 I I j l jJj Ls ajLc. ^jJI < <_i.i < \j^]l jljil jjn i » irt 1 xlnji JjLi.llI ajjt 
jjj-£$i jj JjLull A jjd j j l n~ j . (jlj^yJI I j- 4 pLjjI (_^ojVLj jA.Ur>i/i~i jj| i_ijl_ua_jjj 

U-ic. J^a.jl na il 4 imi i CiVLJI 3)-° »U».U 11 jj-ij < Ij*** : jj * * ■ "I ■ -I 

•LiLiJJ J^jiI I jj-UUoj Jjj-ajl j-A ,~i» £u j^jjJL-o 4-1^. Lj jjn « jjAtJlj . j^jVl 

f 

. LuJj Oa.1j Jj ^ ? 11 ii 11 

Jl Lfrlj i <*i I jl (LJLa. *U j i a[ 1 <LJaJI Ct-tuj JjLull jjc CiLJaall Ij 

J-A j_)Lc^-ill jjlj^A IaijS t ^ a la nn 4 j^i 1I 6 jd Cul£ j|j . ■ ."iiii 

J ‘ NA"V*\ <1lu j^ij . I .. A j in ( j_jSju jjijlil Lo_ 4 < ill <->H 

jjl (>AA"\ - \ AN 1) Gabriel Auguste Daubree ...... -vj i JjjjLa. ...'.j it I 

JaJaJI I_f !—a JSjjlt JjJ-aJI jja i n _i K ,jA J<,7i1 J_S j^Aj^Ll h_a. cj_^aJI 

. JjLull „ 

‘ Vj-i-Lii Jljj Vj j^iklo ^Allj-4 jl >tuj 

jl * N N 0 • • jjJI_ja. ( _ <> AjVl j ^jj jit iiL^ll jjjSj ^1 uail 

• u**j^ J n, u Jlj® j^ .A.1^ 11 jj* I d l_n« 
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djVjll 


^jj c j i»1t u] ^ Jj- 0 -*!! alajl 1-aK Uti&U £i,t^ i IjLa ^jSJ 

f fi 

^iAj alLjjh ^jl i JjJaII ^i| i^H j>-o Lujij tilllA jjlS 

J *• "H I JJb J < ■ _ J-^-hII ._« *-^j~f j Jjfl-h'lll I Vl^ O > l fl l^> . iil^JI 

^jJlj * 4 jLl-ajJI CjL-A-lUI (j *i 1 4 i ^a » I *i i iT» .V^k i ^jl i i lj_^_J jxl^ flllj S ^UII 
^■Ua \ < till a pLi!;I CjIj taTilLi ^jLjj ^j| j^ai j * dljj ^LiJaJI Jju 4_fll itn^l 

. <Cj^jLtaJ, J qLojjUJ. I 


. 6jja»^A SjJ&Uall 6 Jj& Jjl Jj-Aj 

ji-j jjAa JI I fl * -» ^-t 1 I 6 p-Icuj il I ^ l^lVf ^ >An jJLfl 

L^ik CjLj_i j oLSVjjVI 6a-A liia^Jij . 1 j i Aa i* l^K"i*%l ait 6l_^J> 

fal^ ( 4 _flUJLI ojljjl 1... .JS olijjill i» jj^Lluj . earthquakes JjVj j*. . *.ul 

J?VAI < JIa £-aj . JnAfl SjjlaJJ 4fl-^wJI Vj JjV^H ^ flvi-fcll jLaall V 

cul^ Ijf ^ek^Vl ^ic. ^£Laf JjlaILi la^ 6a^»i <LaLula ^ic. <ua-iall <— 

. la*. 4fluc <uojV I 


CjIj-A 6^ali£. JjflLi V Lfi 1 fl.il i < <Lu_uJI 6^4 til j^ajV! j^ajJLu 

. p LoiaJI ^Jc 1^ i ufl i 6^-AHalI 6aJb Iolj t 6jit"irw 6 4_iLo_j * Jj£lI cj t « i/j 

3 ° Jjl VMT — WYJohn Michell Jutiu igjJjIS 

(JjS «Hi l jimu CjLa^J-o SjLc \ * \ V'V * 4oju« ^=»^)JLfll 

J-^ «.■ * Jjl j^jjI ( ^ Ao 0 4\ a ,i ^jlj , ^ajVf ^Jajjj (JLuiI plj t 6 J r. j ~~k I 

. oU.jil 6X» ixjuljJ seismograph JjVj 


4 .fl.lt a 4 a ■*/> 4 1*>^ ln« u >1 l ^A ij7 * » ■**■■* 

Jlaj jVJ ‘*»j I oj\r^ . al.^ j^i<a ^JB ^.l^"kLj 4*i y * «LoLc.J l.4,i^iii t jg i/i 
^ ^ <i <ii f til u t alia ^oj . ^jlall ■ * * * j ‘ * 4 j£Lu* ^aIaJLI 41^11 

d h^ll i Ji^LO-a <Jajuil^J pJs-U j^Jj 4j I jJhi,»| iJSij.^il AJJ4 J^„intj . 

^ If Ijl! 1 ii ]jjj Lu_jaji Lc.La.ili J3V3II ~ ■■■ « ^11 in i fLiVl 6 J-A . 4 j^LbuII 

. 45 jjJI ^Jc * 1*11 4 uLu \ ni“k 4 j jJ 
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*ju ■ >-■ (\ \ \X — \ Ao *) John Milne jy_»-a jj_a. f if! I j^ajlj 

jl _ h ic. £^ullll jjjill .-.I ■'■»« ■ ■■* j-A JjVj Cj^I vm ^-al. l a>i ~n i<Lj 4_*JaL£ 

1 ft I&J jLSi jLL (j-i j iVi~i n Ci L^-j-o L^iU 4 i- iA j'jI Cilj^-U J j i t i j j\ <_&uaj 

* 

^j-lc. S Jj Jr. j^Lal Ji^ I n~il Ci I U-k o nLJuiV jjjJail J-^_j 0 J_Sj . in 

I J 1 a Lai Ci lj Lli I ." i«n jLa.ii 0 * * Jjjl L-o LJ t I ^Jau 

. LJaSJI SjSIJI) I^jLuVI Sjli 


: <ajl^jVI Sj^Jf oU.^1 j ii M mj j^tjj clL lA jI J fj !■>! m ciLujIjJ ci*v ■ Ajl 

uj . bodily waves <? J^l.tll pLa^JLIj < surface waves 5 . -^U,,.l l pi. a^II 

jiaLi <■ ll-fc IjJI pLsa^JLI j i"i hi I fl'm lim 4 * aL...II Cj Lta^I I 

J* rt t 13-1 < j i n*i -h a jl i *i a i i * —il 1 jj i jJaLi I 

iJa# 4jliljJI pla^jiJ 4 -aS (J-laaj ^jll {f-illj . I iJaAino ^Jl Vjl ■ClLa.IcJI oLajII 

4-a»^i.l j.Li <- i n JJLj (_jJ—a jjJc. Jclj jjfc < jj_*_a JjVj |J-a. m-a jjc. 4 « -a L. ■■ II pLa.j1I 

. (the epicenter of the earthquake i^vi s-*ii 


i primary waves <_JjVl pLa.jll: jj_cji j-A U jjs> 3 . K I Jl .-. 1 ^jl I jj<~.j 
jc. pj^Aall pUajj> Jio <JjVl cila^ii Jiljj . secondary waves pL^tlj 

^ll) i_pj—a- t-jj-aj £-SJ 4 ,t | 7 | J iJj ini U I II^JI JaLi— 1 -ijlj JJ/ij ( 3 -f^yla 

f if If 

^1 Ll . ^1 Ua-mjj jLSi cl^ui — La I U J J_j| JiLa. CiLsajII AJJ& ja] j| j ^Ajj . ( d li I■ ..J 1 

f f _ 

LjL I la i uj ^aI ^LiLaai 

4 jjLa*JI 4 i it i pLjjjJI j-o i—i/UI (J 4 [,7,11 iyiLjJI ,».l -a j a II , i I J1111 jjj 
j^*ajI 4aLaJI LLaijVI J}IA J2ljj j] LfxLajj , <£_jsJ| ^LaJl jjJc. aoL*jj 

■ jit JiLi jl iJjL-u <dj^ (J^iLa. V 1^1 ( ,Jjl jjjJI 

Sj£a Liil ll»j 4j>iliJI CjLajII j* £_yuul S<JjVl CiU;>II JaIUj 

• ^uAjVI 6^JI jSijA Jju jc. 

‘ CjU-^LI jAi JS ir._^AUI Jjllij 

|j|^ , < nj .a -i .M.0 Ja>ki ^ Jill] oL>jil jli 4 —ttlaTn A SjUI oits IjU 

‘ O 1 "* <U - _ 1 . 1 ^ 1 O*) ■ LAjLuu (ji (jlvli CjUajII jU SjUI p jjAJU La 
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SjUl Ij 1 oLi.LlIL._uf pl^^l jiftJ < JUlSVI 4 £j—<_ u plj t.i "ill JjjOJ 
oVL*. •>?! Cil < 11 %^ <UjjUJI oL^jja ^Ij ^*1 <nl (j^rn ( lillj . L$_bL^ SjUl 

. ^ojV I £ciajuu ■^***~ * 4A >aC 

\*\* * ^Jcj . lijy/A <l£.^uu Ini nil Jjjo <xijjJI I ol^ll J-il.U 
\T jjjSu <jl U^J <lojl J>jo Jul "fc.Ti ^ylll 1 *t Cj juu JjLfl t ^ rUm Caj 

4 ^lLlJI ^jjq L* 1, 0 itjj lu ^j^iLJi *^ a ( JilLy . Lu^Ai 

djLi^fl 1 —iJLjO ^Xj^uJI ^A 6 JL 3 JI O-*^ Ltj » \"\ * • "\ , 0j 

* ^ ^-Lijuij fl 1 u ( I J.tju a ajll I <ila£ ^jJAj 1 

c YA* * <Ltajui_^ijo liS ^JcuuJI Jlc 4jLiia 4 aIj£ iS^ 

V\- • Ja.c L t'»f- j i ^^ 0 « • • I NY* ♦ At <il j^JI (Ji^i 

• VW* v * * <^1 

^jj^LtaVI ^Jc. 4-^611 oLa._ jil (Jflail f ^a-LLo j-UtJ ^£a Y^ • • ^nf Jac Jajjj 

< ^ijVl jL^Vl *lic. <JjLcu jcjuaa! (_j«=>jVI SjLo (jl I j-A ^ya i ^jjVl jLo-cVl Jac. 

^akliaj — ^Ij-aJI ^ lLa.lLo Vjivj iJllA jJjaj < jlaJI £jaII ^y* Oj^iS 

, j-ai\ ^Slj jj-fl jjtj , discontinuity ^lUSWL u n ...j boundary ,.i -Jl <j1 <_a.jjl 
* ■■■ ^jjl (\^V - NAA“\) Gutenberg discontinuty £j_aaaj_a». ^LLijl 
. aIuj ^LkiiVI Ijjb ^jli Beno Gutenberg 


H imLi 


, 5jLcI jicj < liquid core (JaLaJI ^ojVI J ^ U=5jl oaj j^jaj 

iilj-JI ( jA idJj j.j hi J_dj • I i li<*i <_JII j j i^»_i jjAjVI ^y^j —° ^ NY • • J^Laa. 

oLaa.j ft >• ^a \^YY 4auj Inge Lehmann jLqJ ^jl ySijAJill i -%fl 

. 4 iiajVl ol_>4^l 


. mantle jIaj ^^AJA^a. ^Uoijl (ji&i js^jj 

<^i V/f^ ^* * * t> c^J^ 1 j** 1 

Ilk Jii uI|jaj • 4aa^jVI 4akjA oLjl I n IaLlujIuiI Ijl ^JJLuul V • * 

^Uaijl jk <j(_i aj^sll £-a lit iJjmj > ( jjl i jij^II ium^jaII jLa. jjii 

j»jL5 J i -j- iJLjjkj^ . J£.a 1I — ,<ij{kll £ya iJaLcu l_J <_l I ■ A-111 jljjll J J j l_l 
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gjj-* I L-® ji o* 1 -*"^ t>° ^ U- >^ *j o\ W lj > *.* 

. ( jJl (^bj 1 (j >•% 1 ..<rv I j I I 

(jc. ■ » I* A « <i I VJ < L-oLu ijj_a^_na jjAjVJ jLjJ *1 ■ » J xl r i (jl ^j-o jat^jll LF^J 
CjL^I oLa._^o id jJjjj tijULo Jjlsa Jjd# tiUj ^yJc 1 in i Lv I jl) ^j^LI < a^.Ui a t I n^ i rl l 

. ^j.'.tVl ^Jl Ijq"q /ij XlXsJlj ^yJ J 1 >» X Lj |^lc. 4jj£ u& ( I ft j bl^ AjUl I 

cr*Ll>^ i • u^j^l jJa-ij< J ~i «j V mantle jISxJLa jjl 

oLaj-aiJ djuiljj jju (N “WY - \AoV) Andrija Mohorovicic dL^-iio,«-* Ljjj] 

& jLj idU_A (jjSj <jf 1 4j| 1 N ^ • % 4lu> ^A (jl S lJI fjJi 4 \ »A jI SjJb ^j-o iijLaJI 
Ij-Aj . YY 4—jLu-n (jAjVl ^eJ&ui JjC. I.U t i~ 4-JaA-i J- . i t i—^jil itj -111 ^A &j j 1 *\ 
,n ^jll < Mohorovicic discontinuity dLu-tij^Jk^o ^LkiiL LJLa. La 

t <ijL^ILj . kjVl 6 ^auJ ^UallVI fii t I jlj.il ^^IaII ^ rlii uff 

jl ^ Jxa t ^laII 4 * * . ./ill 1 «... .11 jn A 1 ftj iti ft! lj < jLt.il lj t I *■ *-l J n J> 1 

. ^4iA-l.JI AjjJuAj jjALuj 


^ I l^ a *Lfl 1 1^..K jjajV I Ini n j IXa ^Jt ilJft Mil I L^Luia ■"* • ■■ *i ^ajV f 6^uJBj 

< i- 11 -kI f ^Lfl Q Vi 4jt iijlill jiaUll ^A i-ti-ulJ Ci*v*i jjSl X*-l ^Jt £-Aj ‘‘I■ ■■ ■» i »-o 

<1 fti a-~»lI {jAj ■ q-^j <<i->ll 4=».j j jic. 4 jli•%!! jj-Lljll ^a (Jiojil jAiVu < oljLSJI 
(j Afl -w'i ) J -k il I ^ rt- i i u a fjc. (jAjVl ^eJ&ui LoJS 4jV • (JjLoj tJtlA 

o Vi lj 1 aj 1 1 ^ o*\ i^5~6^ <u ft] 1 dj a uj Ja&i < dlj ^Jxj , i*li ■■ t^UaLl 

4jlaIj]I 4 . 1 1 1 ^jaLaLI ^-A ^"jJ iK Y 0 ft. j 1 ^ i I aih d tl^f l J^^LuJf 

■ Lij"w 1 1 Lu c» *^ * Ijw^LSi \ *\ ^ 1 \Y jc i?l ft* ill I xj^jj Vj o I j IaI I uu 


,jS»A <JUlljil aUl «LA-lL c Jaj ii t 4 1 tr> 1 -fcLI ^^IsLlII 6 j ■*«! ! .»L>... J j« .A~..j 

6jjuuJ i_JL<aJI f^all ilL ti i .u Xijj V XA 1 jjl 1 U 1 ^ 1 I jl a r I 1 if j t j <v ill ^L5 

. pIjILajlj^ 0 Jjt j_jA_jVI 


Jj-aojU j i ll ^15 v_iij iuLSLaL jl.-ll ^1 ft.->11 jA« 1 j u U , ,-. I i'i 1 “. ..I I 
< Ixa . L^kill gjLu j>b 3 *^' l l 5jL> Jjirt-kll mantle ^AjVI jtj ^1 

xJLa lillj A—OJ « J » t , il l 4— J Aj (jAjVl 3 1—o-tV (5—J—J-OJ 1-ij *u A 

■ ‘-SAjJ 
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Ch*-® < JajLLuJ. 1 ,ji La ^yaj (jS Lo Ijj < Ij-A I^jll IJ ic.j 

£jj 4> a£* 6* fr^JLjj) iL^ljj (jdjVI i^JaLl J «.tj J I * J I -* * W ■ .«t I 

^ i ll 4-^jl £\J~* ,jl Pj-oJl * jljjll J_3h * ^il (oLS^II 

jl—o-C-SU ^—laj—ill jl—^ f ■ VI (J-* "fc I lj| Ij-g-J . * .« ^jll 

. L j^. ^U <A^>1\ 
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0"-«*9-d-N 


£ ^Li lolj < jLIjlLI I Li.aJL i_jt£La Jj-t *, T£ « otSULI jJLajII ^jl «m J 

. fj^lj ^LlA |fcl AaIU ££jLui 

^LaIjAjL^ 0 ^jlj «iUj ^LiUj 3llaj X- X ^jLtuj (Y) 

■ jUaj ^ N (5jLuu 

jl"i i>l T jl ■ , *»>-*t-« ( Ci^jI j"«>Lill yj t a tjjL ^, V Ij^i ui^ll jjII ^jLuu |T*J 

» * 

. ■ a »iij ^ya Ij^jj . d *• CiljjL £ 

c* -* j I jl JjVjjJI ^jc. t <j^AjVl cJ^JI jla-ttilinV ■■■■i ( £ ) 

• 1 ujjlS>i <i£a . pL>j^aJI *■*-■* . ij i j-> -<■ u^jV i 
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£jLu*JI Jurii H 


usuijf 


CpajSM Jtku 

‘ l_^l AiL^JI l fc l jijVl pi i t j -h I l V 1 lj| 

^ (Cj aJI OJ^Lill ^Jc.V 4^Jjl Ijj JLJI LajB * dJIjjVI ^Jc, 

I * ^ 4jj_»JI CjLcL&jjVI La J^a Ij.fl.* (jl ^jJu-tif £jJ aj_uuj 

JJ_fl 4 I.A X ft ol Jj£. VI *—fll I * mV I Ijjb (jJ (j5tdi ^La < tillj £-0J . JLa^JI 

^Jc. ftl val Jlj^j t dllj_> Jj-ajS-i I oJ*>rj i JLaJl I A,.Uf dAjl ^j-ajVl Q-lu o 

. *l±L-a 

* t * 

^4JLi^ 4^l£J £jJe I -a l~k < 4 n-ijJ&ll jjjt-o_*JI did 1 jj-»T.j I a 1^ dllj ^1^ J_£f 

. j-oV I I j-A Ijjial 

4 ii fl~k pL u7 jI tj- ft "h i I 1 VS < ij £LjJLfl < p LuZVI I <—I jjd ^ t | a t 

C*i ^ i Call Ijj *% dlll-A (jl ? ui Ad II jJ-dll j . ^jSjjjllj jjiJIj jljjVL^ —p JVL^ 

jlLLJl <-jl -%'l L*ill:dlJj L>°!j ■ ^!j-$JI JbLi <LL»J-L CjI— d(_iju-o jVj-lVI (J-L- 

. s> uji jl^vi jiikii 

p 

oljfjjaJI u4j IjL^jI jiSVl u-a 4 ij-ifl cfcJl jjaUI Jljj Vj 
• jl pLjI^I oljLill t _ f J f <^L=JI el^jJl JiLi. JSjjj ij) ^I.Aall 

&±A ^j-a . t jl_ )_tl*il l oLJl oUl j L-kl l Jjjb d I ■ a*.« ,-■! <-j » * £_>j| Oj^jly 

iloLJI ijjliill (j-« JS cjjj-U$ . e»lj«M ->n ^yjhj SjjLiia V <Lc.j a qLcjaaJII 
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it\ a ch^ j a i l ^jll pterosaurs ■-■I ^ 11 ^ Ijjll . jlj «LII <1 _Jj 

Jjl&IL <L& ifj dll4 i U 4 HI Jjjj , (jiuJlLiaJI < pin/,II jjjj ^yaJ . jjiijLuil ^jja^La 

• 6* 


i ~y l I *—I JjiTi 1 (jl — jXu 1 A — J^ * OJ^ 1 ^ i U"\ < H~ ;^ _ii-JI .~La l.\l_a 

• iilljj jkLiiiL |» l-> 1 (jl VJ ^ ■ L~.... ^Lfi 

J 1 Ai l-i 111 J jLa rt - ^ . A -■■■--* U.I fl~-s.VI u&ball ^dJ < dillj ^dj 

6^jLlO 6^jUalf C*1 *1 i-v 11 6 Ij^ui t ,Uu.r, 1 Ijl , iujLJI v .i~ 


6f La£ Jj| j'jujju 4 _Jl LJ (jV j^ilaJI £y* I ^ I^jVI ji I CjIj «ti-hlI ji.U» 1j 

■laiflC jjJJq-LI <iLLJI j_i_fljj ^..ilnu.u-i Vj < oLj 1 flfllI ^jJ 6 4 _J| ^ya 

fi 

Co I Cj Ij^uul^J I Ij . OlijjjJ I f jic I6 jjJLjl^ 4 _£a^ ^0 j * ^ « 

. ^ \ • • Lfijj ^1 < Goliath bettlo pLu^aI^ 

^ cr LwIJ 0IJ 4 cwLzv|j Cjj_A CjLi j Jj-o L^J Lo_i < *L_ijI ft fl II jj_i]&lIj 

(jl <j-o ^c.jil ^_Lc,j t CjIj iti "ktl <j-o La LcjJ jJ-Sl (jl 1 < ^9-fl 4 i^l 1 4 1 ft "v.J 

^ l_u_u_ijj*ij j 4 ^ 011 (jIlaaLa^ JU) CjI^ui^JI j^I £ya jXj-o| cILlA 

. \ * ♦ ^5^-J ^i_Lili^JI jj£| ^JUL9 cJ 4 ^* 11 


Kori bustards ^jl t -Jl jjLLi J j i ^ I jj-J* JL-a JIjS ^ 

* # 
oll^ LojjJ . LaiV1 ,jc. (Jjjj V La jjljj Ijja-lj q\ c Col^fc i2> j^aLII 

CjLLUj Ijj-=^| j jjj < < Ml 6.i^J <£Lu t11 CjI ^ ^ 11 it 

6 jjh Cul^ I jj (aifl CjVjL-uIII t> jA« \ jLu c <1^11 6 J-A Lojj Cti^ L^J 

. VI jljjj L^_i| t JjlaIL filial I I n 1 5^1 CjI 1 

1 1 _^ojVl 1 fc ill j J ail I ^-JjLi Jlj-L 4 jI Jj-aI) a » hi 7v . l t I Jj-j-A 

4>a Jl^a.Vl (>1^1 ^ Lal^^LS V • J^a jjSl <S^ U^* 61 - 1 *. 1 1 ' ■‘^■^ U - 

■ 'j^Lul jj>Lj 


(2jlj_iJa <_t_jLxiI CjjJa ^Li ^jl i ii WI j-ilaj LaLoI ,\ * il «nt I ^ya t <—it Mill Ij^Jj 

Lolu t Lol X 0 Jc. <Ijj cU- 1 ^ Aj j li irtll jJUl {jLlujVI 4jV < jJ-JoJI 

. jj^ll Ij-A «, A j i i d-t I jiJUl g oMu ll <jUl5 c J 44 U 
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Jjj jC.'J I I « '~.rJ . do.o-vtl hjjl (jiiljJI liljJJ jkl <JJ.AaJ I (_yia. <j| Jjj 

cu jS ^ya <jj I^JLS < Daedalus ^^kxJI £j-l A ll Sj^jlajail ^liJUl 

. (Icarus ,_ju jjIS_J <j-iV I ** iy ^fl ^I—«jjt 

< 

Jjl ■ JjlS JAj ■ Mill <(i^ui|jj <Lifl Ci jj i - ij i-i . jUal Jyo (jL^llaJI /i^i< 

. ^jl^xlall 5-U^lLi. jjLLJI u<Xi ^jil 


jl^klall ^Jt d *« « > Ull j t r <£^1 6jdi ^ rj 6 _)< CxXJzt /ig dlaSlI q 

i ^xcljjll jyo Laj»j-vi j < <L>L jj Ja < -> WI L$J l^- Ur .i < < f f~ AJ dl3~" 

i ciLualli t (C y 3>l 4 i"hLj . uiljJol A 11 i t ^Slj^LaJl o l taj lj_iIS ^j| 


kj^.1 Li Li. L$J ^JaAj cuL^ J-A-fi < Sj i i i^-i Lblil»Vi Ijj < i^.Vl 4-^.j 

. | <LijulUjII ^j*i-i-fl LflAJ I <L^L^J ^jJaLttuU ^JaJU Cul^ Lnli n < <LtiL&duJf Cj I^jlai^I I 


. 'j-iiaj ^jl I j * 1 JLsk.^11 *Lol ~k.i-A jj^Vl oL»lj i.^J! ^)| xt {jiiloil CjjL^j 

JLa c Pegasus ^u^uj la> it ( liaiI ^ujilI 4 * flj^£,Vf jJoL ujVI ^-j.ta iAi 

LLL-aIIj < .n ^ .All i^aJj^ll >aj< flying dragons ^Lt=JI ^ulll 


& )» juxi £jjt in Lo LJli CluLS 4&i^b Lilt, ^jJI < uUX 11 

i LaJ 4lilj <iil Ulll pLii^ "w all ^j -v I . 4*C^ . A dv 


£-L»J ( 4 ^1 Cuj OjI^ ^*11 An (jl <^>lA .All ^a ^-L jjlia 

*Lil A .AJ tjjiil J-fljJ jjl ^Lii jjl <jS-q_i » 6J_a1 I ^ya 

^UaJI) f ^jLic.Jj ^vujjjJjLj IjjlLa ^jl J fl~i »jj . L_$J 

t>> cul^ (^l < (<L> 1 =JLj c ^j l Sjjli alo o-^ajijl ^jll) aepyornis of Madagascar 

Uj-*J ‘ jLjdil 5 j5Lj ^yjl Jj-QJ 4JjJa <j!£j « (jJt CuiLc (_ylll J jjt-i l) 

• (j 1I CjZ- LoL«j sjya.lt oJIS LgjSl — LoIja._jLS to- 


jJLs f J) I I fl iSni (_yuaJ I SJ-aUJI p l_l .TiV I -t <j| Jjjl» A. ~. Laf I JjLSj 

■ (JL^JIj S ipJamVl l jJi _^jUall jLajuJI JJk^jLu 
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{jLuuVt jiL 


. ^jiJI n yojliuLi j iti*! (jI m P I I i~i| Ij ■ *«■ I J**' JI ^xUil »-u i < tfl 

^1| ^Lt-^r. H ui-^i a oJLuJLI <La_iiaJI pLuiVl ^L>^JI ^1 <_ijc Jjl 

(j I uu III I J L ^Jc jli-t jifl < ^ 1 0 1 n -hi ^ L^J I I <Lakj jl A »_>»«> j < Sj l i** SjJi 

<j-o d».>iAJ <j ! ■jd’a j yi i a * ^ « -"-v ^Llal ^Jc. <jLuj Lo jl 

. <Uij^l I S^jLLJI I^J 1 1 n\ <j| JjjJi ilVum <5 j^UI ^ wtAll jUaVI 


cj^A *—%3< 1111 a j.5 ii5j^JI S^jLLJI ^jl ■!•"-»» i iujjJI oIjaIxLI 

. (f. j To * - l * *) Archytas of Tarentum ^jllijllll ^LuSjl LJLLJ 

t ^Jc. 4*JLui_ilt u_flVl jlo ~ L v^ |jji> O I Cul^ 

61 ^ " S^jLU iI 1 * d ilf* *11 L-oI L * ^ " ■ “VI c*jL£ 1 

f t * 

J-JUC, I fl ifl '■v ^Ll^. LAiI S^jLLoJI |J-a-a»_i ^j| *jj < 4jl_*jjIj 4_Llaxo Jjy ^ It 6jLuil£ 

gl. imiI pJ-lJI Jl ^1 <L-£ J1 i"k <. li t "w <-al.1 *t * ill OJ 

• C^O tSL*3^ 


■ ol > ,,l <LiAj^II CjIjjLUJI I Jck^i uV <ljl "k ,a (Jjj Cj^Ja < NV£^\ <lxdu 

jjii n^tl ^jltSj-uVl aj < 4 jlui1I »*Uj CiLcLflJjVI ( _^aj 1 ^a-A 

t>® <-iiol jjLLJI ol>1-05-0(WAl - W\ £) Alexander Wilson 

. SjLjoJI CiLa^jJ cH 1 ^® J^l 


Benjamin Franklin ^JSuIji ^ 1 L*JI ^^jj-oVl j a % 1 mi l 

t N Vo V < 1 juu <LifljL9 6^)jLla j-da < iitAJkV I <aj J ^ 1 ^ V^ * — \V* ^ 

u it (jAj-ii ^j/ ^LIslLcuI^ < cLj-^ilU ijjj-f a ifj j <t> iti^ i a jo «u 4 Lc 

Cy> IjoSS Jljl^j < ^ jjL <ij>UI ^ J^ 11 

. <Li*jLiia 4 jjI^ ^UJI <*jJj| j . ^cl^iAl CjLt^A uijlAo 

ill Ci- t n ^al <jjjiull t jlc. JjjJa o5j j»Jj 
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W£ •) Joseph Michel Montgolfier JSLjL® >—»=>• (jl j <_>HI 

4 ^jl» (W^ — W£o) Jacques Etienne (jjjjj < jjLuqVI ^AN • — 

(jl jjjJ-^SLl ij) l I < * * Jj <-*-aA»JI ^1 * 1 1 ^! >U jjLkj la Lilli 

Jjj ■ ..t.x. 11 jiLi Lt^ jjLJI pI^JI jilii <j|j i jjLill pI^JI ^ i 5.A.I ^psuLuJI 

< jll .jjgi (JLluI ,jj» £-jIia i 8iSa. I jj <j| (j^oljlfil (j-® 1*1®$ • ® HI 

6 j^£ JJU Q jjl ill Jj-jlj Jjl ^J| A — * ^I olj L ilL ^ ll nj 

. \j* * ^ I J IjAUllV J ^ I ^ll^llUl 

* * 

pI^JL JjIjSJI (j-® IjjjS l‘»«^ jjlj^VI jLo SaLII Jjym u& i WAV jjjjj o u*j 
jJjl *i *^ Y,o jj**- u Lull ui Uoj € I^jlo £ o • ^JcV ^ajj I 1 1 ill I 

. (a_)-i-i!l SjS SJLLil <uJS otutil ^jjlIJ (jl>IIj Jjl j^Lu Ijuft (jl^J * 

p lj_$JLi p^Lu ^jn I t i I 1 1 ■ ^ jpi-v ii |_jic. I j| 4_j| ^uual^JI ^j-® Iajj 

N ^ . pLjp -U/I ^ya <j L®j ( JLsJfljJLl JjA^ JjAxaJI uijiii fl < (j?>Lull 

< < t-viu»ij-ilI <Loj5LaJI jJLo ^-4^5 {gluuuji jjJj i_la3 i NV AT j - «*■ ■ -• 

<JL®j J jt-Ij lj-u£ tj^lL 4ji Ij^Jial l _yaj£. J-aJU LalS < (jullll J^ja j iflr ^a-a j*Lol iJLi-Aj 
j|jj Jtiuaj 4_i■ ^I JI CiLiljjua. |Jj| — 4lajj £ La.J AjLjj i— j < > a» <J^ljj Aa-JJ J[j.ti^ 

. p 11 An 

A-&I x t i. a V* • • • • ^kLal I WAV J -P a YN p I lA all ^j (jLuul Jjl Jjliajlj 

a " >| l ‘•*‘11 F Ij-f-IH <JL>lld '-‘ J ^ ‘ (j^l- ^ i l J-* (jj-oLaujj ^ ’ i _u ^ya t ( jj ~ l S o 

• *tS-uu YV t j j < Af . U& ljLa_jLS N ^ <SLuu jitn ^jl c-^l U~...1^ 

i AjHIl pl^ll 3® jjSl jiul jp i JLu jjc Lku^ j*"«* ^Lull pI^-11j 

. JL®a3c ^u^Lu O^S ^ya “Li Loj Ijjj^ Ijjc. jixi V 13lj 

(jLSj , \SW <lu> <Uujjj jU, jjijjlilS igjih gail jSi < dlj ^-®j 

Cy~ Af>® ^ <-«Ll^ 4 J 3 I (LilLo. j| jjj-aJI dlj (ji plj-ui^ Uj^dl CiljliJI i_Aa.1 {ya 
j 6 ^ ff>ll jl 6 *jd jll <jj“® “ II dlj (_9 . pl^-fjl 4 fll *t ^ ^ \/\ £ 

Hsa j3Sl Sj-iilI ®AJ4 I.i Aj I <Jj 1 J^LuJI p I 34 JI £-ij SjJ-fl ol 

• v . ‘ ,, ' u . < dHi Vj Lla -LA iij ^llaj Ijl I 4 j t-j-v 1 1 pljfJI ^ya 
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Jacques Alexander jj Vi.u^lI Lqj>\cj 

j3j i j i frlI ^Ij^juuiI ^jlal * jjiiaajj-Q 0 U 5 IL 1 ^yc ^NAYY* — W£*\^ Charles 

(Jjl fjJjLz * WAY j.\ /ii.u iJ ■ 4-iuuJI 4 jL^j ^JajQ IJJfc £oj( 

jLy j_5j . L ^ ^jVl Jj-® <!>* 

lj-/>%Aj 4 jijjUI Jjftl j» i j q J 4 ftt-u-o UU \ Aj t j^ILoyh^ Y £ <iLo*I 

. <LxIjj LoJbjJlfl j j y M^ AfL ^LJI ^ic. 

J>U> C-fl j^-Tk J V Li J ijl'-fcf I l-ijuu^y I <-&juU Q* AA 4-»-C»L»j L^-lV CjLj^ILJI f * 11 (j 

4*Ill J^l ^LnnVt ^lll 6^oUil t UzJ ^yja l ^Jau 6 J ft LmjQJ p l^j I 

■ (_>uljJI t_y ^*.' u-k- 

< WAf 4 *1 m . 4 ~> I A lj 4 1 ft ft I pj Lu^Ijui^U j 1 qjI LJI 4 1 ft A I CU j 

^^ ^ — Wt o'jjij-SLx I ( jjLiyiStl (jS oa < j^jILJI jlSlil jja 4jui JiLa. 

<J l iift VL £j d -a |J IjAajjLi 4_*_o (J-aja-lj jjvlil (jjj-4 J » i.f>.l (j»JLi Jjl_a. ^ya 

. c>Lc.(i!ijl AjC Jj-o p Ij^Jl ^a'xl jL^X 

Jean Pierre jjLuj^Li Cy 3 ^ (s* u *>^^ ^}LJLI ul 1 4 juluII j^u&j 

Jslj <Lai 3 -LlIj jLfl-a- jjhj . parachute co^ljLJf (NA*^ - Wo* ) Blanchard 

f^yA J-iJjj j LfLJjj p l^_^J I ^.p-rwi ££j_x| 6 jLa j| < j4j^JI ^1 <jL&ll J^a 4 ttJoQi 

0_^J-4J lj LJL» 6 jAd tj(jLj JjLiiii ^.Lflj . pjan L * <ixaajj t 6 jxj^ 4-o^ljLa 

. 1 LLu L y^ji\ jLcj * WA£ <liui 

L&IjlII CjLfl.iln <X*J^J^ILJI ^IjViii.I j^QJ 4jI CjLi La 

l^il I } m . ( ^A* £ 4-Jlu« . JLu^JI jluil ^J| PJ.^LII J4 Vij 

(NAo * - ^VVA) Joseph Louis Gay-Lussac JL^I - ^Lx ^^ 5 ! 

^UijVl (jl^j . c ij^Jl t^jA o l*i if yiftti 4-*_o j.A-a. lj < Vl ^Irvi n O f^Laflj£ V 

< tiUj ^lc SjiLtj. S_>ll 1 .i 1 f>*ij 5j_a (_jAi.iVI ^Liiijl ^jL_uuj 4_iJI ^jJI 

t>° J** Jl—VI (jij . Jj d ~ > • " J^4j 1 -a ^,1$ 

(ji I /i^lLill (jl^ja (£l ‘LuiljJ LlAjI (jS-iuj . (jAuVl Jap^JI JjJUua 

. iJi JiaJI Ifj J^a._^II 4ikill ^ VJ i (_jAuVl JiaJI j« ja)l 4jliiI_jJ j ^iu V 
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, (Jn O< ,A Jjj ^JjVl Sjfl- ^V I jjJb oLijIUl O-iL^ 

<Ot£ ^aJl t <-l£.lj-JuJf of^jLUl ^LJI Jjjft JJC. t j n i fc £-M*LiJI I 

J *-*-** Jjl I tf ^*** Cj t-v t aj-aII < ftjjjuull j Aj 4 j& 4 1 J ^JtJ Cj(j— U ^jC. 6^j[■ if 

* 0^*1 UU5 


Otto Lilien- JLLuU jl t jOttl 4juj "*o li JL^JJ Ij_a ^si jjlJI 

N AVV <1 juu ^.5 Cjx.I^ju 5JI ol^pLtJI ^ \ n < *Vi I o <L>i~v < ( N A^*\ — N A£ A) thal 

. <JfijLfl A j |H AJ <L^j J^jl ^Ji 4jUdi^J Jfrltul t N A^ N <!iiOi 


a^jLUI ^LiJaiI ^aIsj j .«_* jl 4 CiL j_jJLJ i 0A ap I <j x.fj «ijf o J^jLUIj 

. <jljjJa ^j-q 4jfLaj 4 £jjJoj A^jLLJI ^SLaJuj 4-+.\'y*j I ^Vii Jjl <U_c.lj-Jull 

< ^Tif j* f iJ*ifl c*l nilfiil A^iaaJI iijiaJI <Lt«aLjjJJ <UtljjJulf o(j-»LtJI O^-^l 

^J| Lilienthal Jl it iUI a * ■* & \t J^iiall . (jo-®- 1 ^ () f * fl **l (jL£ ^ill J!La 


jLS 1 N A^ 4lui ^ jj-fl O-ual ^jl ^i| t S^-o cil( ^Jc J->jj La J ^lf 

. 4jjL-oLi IjjLLo O Loj ('^jVLj Cj-oJ ajjl < a^jUaI AOiJa. <AJ ■*-*■*. 


Jjki u^y' 

cf^H 4 1 ^ <jIj^° jl$ •> <ul «a 6 n. t ni n^lj JjI itilI ■ <. ii^ 

^j t -i~i i m JjJl . *La ,< y a *J^ J | ^ n> <JjLAj <J] (Ja->.j J^lLatl Jjjia. ^jl t JL 1 LI (J_l_l ta 

— <l ~n a , , i ^iajj (gji\ ^ j-_ii-<j JjjlLJI ^jl <1V i 6 Xa 

, jj Jllala ‘UjJ <i fl vdlj JjlAj ^1 ^L.iiVI ^LLiLluI ? _^vJI l-v »t 

ol jn^ J a'hj jl y tf > j JLij jL^a <J ,U^JI «dVli i iiiLbiull j-oVI 

< NAV^ 4’bii i jjia iillj ^lajjui lj_A ) q , ji %ftll jl ojuiaJI ^ a^^ 

- N AW) Nikolaus August Otto o... ?J 1 ^QVI ~ 

<I>° Sj- 4 I_iil 6j^)-uu < 1 VI 6 jjk ^'u/i . jjXilj Jjlj*! -»■ t <11 Jj| A^ \ 

jLtaia kj jjl j^nl I ^r ii <ljj < <ajLa_JI <iy( 
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6 jqtilI 6j Jfl lI <1 O 1 nil ( J^ujJI LAj^"* jl ^ ^ < 4 til Q 1 

JLu J- 5 j . Lfl a ityjua V f I3A i-ajLi-0 a I34II JiLi. < a Ij-fll ^ 

tji « (NMNf — NAVA) Ferdinand von Zeppelin (jLj j3_i ailljjjj ^llVl £ j" 
jjl 4 ~i*Nni jLaaaij (J ^ i T i £-i-a_=JI ^jjJLx jllaj jAJj 0L3JL 3I t ‘nlL ^ rAl 

, d*Xti. 4 ^j[1a Jib a I 3^! I Jiluj 

ItLjJ LljuiLIa f^ailYI (jl^j L3A3 Ift ifl -w Lij« n i~tq *Ci m <_jjlkJU (jl 
(ja J£ I j It n*i ml 4 Aj^laj 1 NAA*N 4 jllu aj_e J_)V pi i «*C» 4_3.LLil jaj jij . (303AJI 
(N^N £ - NA'NV) Charles Martin Hall J^jh (jjjL_a (^JjLti ^^fLi^-aVl ^Nl . .<11 
(N^N£ - NA'NV) Paul Louis Heroult 0I33.1 a (jmjJ J[jj ^*<1 « j<H3 

• I < f Ifl ij a a 

o^j i^ojjio^jyi oiji >.» ■■■ j^i « N^* • 3J3J V (_yi 

jl I11 11 3LL3 ■ ol^j ~k o 3J Jj ^ I—■ I ' (jljN "fc .1 <11 ^ la. J(j * *■**. I J " -.1 

(jl^-iJo J 3 I (jl^ 4j| V| < Joj-i^JI fljjl 4 j o 5-J jjlll jl^Vl (jje ^Cjll 

til'j"k 11 Ij j^ILJI Ladl jLUUI Ija ^n 1 mi ■ (jl mil 4 jtiaAJ ^l^Aj jualj 

4 -C.j~i -» a LAil ^-n >uj ( tiljaJJ Ij jLkiil jl < (4 j j yjfZ tj&AJ (fjll aflLJI (_jl) 

. zeppelin jIUla 


4muJI (j£vj j»J LflJI ^jja ^c^lli 4jul )j 41■ »-s. j 1 It 111 I Oil^i < Laic. (juujl 4 jI 3 J 1 J 3 
£43 . 4£Lj~l\.n jUjjl ^Jc ^UVI Li.l^j LbjJ^I ^jlSij . a I mull 4juLjuJI 

4 jlui *^l I <_a ULal I Ca [aj t ij Ij 'vl 1 3 ‘ a. i-. 1 3 a |J d n ^ .rt Jl xXlHlc^^:. JJj 


njift ^illVl jLLlLL Onti* t 

3ALL4JI 4 idi<u^ ^Jaauu Cul^ JA3 1 ** 1 13l._A.i-nH ' yjQ a^i^II ^JatiJI 

^miii La a I dti*»V C>y3I *w a I > A i| Qj ^ h < jUaLa J3I a I <tiij a Ljj| ^JLa.3 

. Lbliba.j Jji ^i&.lj (JIjIa.1 4J1 lji^jJ J^la jc < LjUull ILicI^uJI SjjUJIj 

Samuel Pierpont Langley aiV Jj3 -a .o ^^jj^eVl ^iiiJI Jjj 

NA^V 4 jubu l j-uj . 4 a jJI all 0(31111 (JI3L I ''"^* Lbj a> - NAVI) 

^1 (j a fjLjfL < JutIL OaL I j '^1 4 jjUala 4 _^- l^ii Ciljilla Lwil < N^*V <iuj 

. 4 ilL 4 . 13 atail jvl» (jK Ij ia (Ja^l al 1 nil 
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Orville ojIj 0 "* ~ 'A*W) Wilber Wright oJj jJjj o^Vl ,jl£ 

4 jI jjb Iog-ijJj « oL^ljjJI £\iLa»l n *j (^£A — NAVN) Wright 

jlSLsI 1***1 JjBj . * * ^*f lj*7* 6^il_la P (‘ill I l*n«**> n I J fl *^ » LlOjI V ill .Idj f I^ a uI I 

{ * al...ll jjli Ijlfl ■*■ < ji i n ■ rt.il! «L»_)A$ak O^LiJjij j < ^ !■% iV 


^_fl *il I ^Jd jLJall ^I i^Vl jl t ailerons 

wind tunnel ^1 jj* pLiuL La Li < dlj LiL-^VL . <lj $ ...» ajJiLLJI 

^i| Jj-o 4 «^>» a-v >a * ...*■* 6 LoLfij t I n Jj-gj <jA lj \ 

. J<>l JI1 Cj jj** ■ '■ ^-iLj fe^iA J I^Ja LflAj Ij I L^_J I I ft j fl t i.oj I 


culj (JjAj^I jli i JLajuij <lI jJt <jjJjo \ * T j * *'■«* * N V 

(ji u - 6^J jljf jl#“* ^Ijain <L*j utjl 

. P I AjmlI l.fl ln% j jJc, I ***»■ I C A " P 1I |J^ j£.LuJ < 6^JLlalLi ^L^_^iI (JJb 


< JajLfl Ijla Y*\ * I-Af Li I 6 J-a.1j 4 jLlAJ 6 J_1 ^aJI ^jlj-ila <Lj J^| CjILj 

pLo-u. Cil j l ’i i n 4 » *Ai . I 4|J «j pLa*. La Sjal^ll I CuL£ I ([ ‘*^1 

jiLlio iijuij ft^LdUi 4 . . j [ Oa-ualj * j "Jl ^4 4 *11 ** a 6 jjLla ol^liail Lijjjl 

jLl= < W'KS 4xau . (jljVl 4 < LI <11 ^ IjLm jjjjiil ^jjjlj pLjJI 

- N \ • t) Charles Augustus Lindberg a .*~ ^JjLi (J SLi > aVl 

iJa^l bS^iJ t fjli ( 3 -° ( ^t -1 Ti ll -iV l J- 1 -C. ^*, 1 <Ja .j 

. ^2j2&tl SjjUail jpaC |Jj 


t^P-Vl (ijaJt 

1^““ lAM * lt-^1 <jl LfJ jv lt u tl j>aVl J^a ,jl^ < <*ijJ JjIjI LJ j-a* 

JjJaJlj ^aill J^ojj ,jj&l bLajj tJJaa 6 mai ^-Ic-V jlu o^jVI 

d I *t | 

li>^ l+jljjj Jit * Ij-fll <Jj l ft iii ll ^lj_a*Vl cS Ijj I *»*J 

■ ^iktajj “itjau iJaiIjJI <_JjiTij , e- 1^Jl 4ajlia ■ * * ■■■* l j~«l L la a~ . a j.,. a 
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. p JbL^ _^oJ V jjl jjJc. Liilsl ^LJj (jl5k i I Sb Jjl <AjA»j 

<_iuiljj 6_)A JjV I njV < jj’if £jLJI ^ Ijjk ^r irui < dll j £-aj 


^Ij-aJ 6f I n La J j-a. fll 1 ^11 O^L&jj ^1, i all jj-olj-JUl <^_» 1 iSH (J i **" l—ojicj 
j fl mil ^Jc. ^ ajf Lull ^yill Sj^-iVl joiU VI dll.il 4 ■% i~l IjjaJ ~i ~w i < LjLeuuj 


jifli < ^J| CiV-a.jj jl* iij yjut «_.L£ ^^jll ^ioiII joSl 

(NA- - \Y.) Lucian of Samosata jLju<>! ^yLaji-VI pL^flf L$.il£ 

j a al l ^J| j «Uj I aj ...I. a . a,^. , (Icaromenippus) <LLlpx 3 . N“\o <lu ^l^a. 

iX^-J ' f i_J flf. < k.i>La>. J^| jjuu ^Li^. 

<liaj JJU ^11 t 4-^afjJ I fl * 1*1 i! Lo^j-a ^jLi—i-ujj t. i/*>j < ^lj 1% £ljjL| 

. ^jixu| lj « 


Ludovico Ariosto ^LLjVI c-*1S * \oX y (<luu Lf A 

<ltu Lg-Ji J-«aj ^1 y Orlando Furioso »>6 joWjjl (NoYT - N£V£) 
(jajiill J-f-*JI ijilLJj ^^jlll Cil^it. J^jjl <LlS>1I (Ju-Oj (jLtt j^Jt j-a_ttll jjll JjiVjjl 

. pL~JI Jl 


4\<.u l ji <jl_flj dJU Cij iTii j <jjil ViVL Ifl n5 ja-lll ^jl\ <ia»j jaiA n ?ioi (Jjlj 

cuLS jJj . (N'WT - No"\Y) Francis Godwin 0 .._i.^..il^Jil cuLS N"\YA 

^ j a al l ^]| JLII ,i « i^n lj • aj < The Man in the Moon j»*2tl ^ jLutfl ^anii 
. j«fllI ^11 * I Ur,1 1 L^jl JjA i ^IjuIL a^ uni aj t i*\ jjJa LAjau 4 a^ja 

« all ^i^kjl i ^ *\ £Y 4lui ^ fl -ill Op La < o[^L j iiaa JJUJ 

uij 6^ (^£V - M • A) Evangelista Torricelli ^ILitjjj I ^ylLUjVI 

‘ <‘ •‘Ij-fll L ~)}a^ . VY ^LijjV (j-a Jj-at (J-o^aJ Lili jjlS p|>fll 

a l^jjl 6 j-a N N , 1 0 * . 3^3^^ J>a-*1 LjjLut-a Ci^i * 7 t ? * J 

J,,<■■■■ a ^^JLtV jL»iil J^ta jjJLt 4 .ai^~i~ia iiljS pI^JJ Cul^^id IjJj < jJpjJI jtJaj-u jjc. 

, Ijio^La v , A Jjjjll ^j-a ^u< V*\ Jl ijjljl i_ijlUt I pl^JI J^a£- ^lijjl 
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<jLtia lJILqj <jJ l/> — Lea ? >I -S./> Sj_Alk ^jaJI «_ S^LkII jjtj I- O JJ Jjl IaA 

. ^Ia 1 ^J-A. LftA ju Lej < i Jj^v. 1 1ii hi <ULi&a. 

(£jlu>-a kc wi^LsJli » <ila£JI h l ~ »a <U£ ^ixJ <£>aJI »_iiLiJI jjl 

aL« ,A~ C)L#jJaII aiAj < *(AjA Ouljil a Ij $ H oLkk jJS Jijj J—aa»a j^jil I n < .1 

ij^Lill 3* Jjjllj jlj^II jjLi < ^ LJLc <=jlI ^illjl t-^ K j . iiLi£ 

■Li. .All (jaail Vnj , ~I ■.J I J ni .i A ll 3 ° JaVLa JaVI < <Lkk> £Aj 

. ' 1 11 VC <GaLj$ V»j £ LfljjV I J_o I 

Lake < iim ^ ^jiaA Sj-aj JiLa. 3° i_ya JjV 4 A _itra JI aAA COaaj kj 

^ 1 ^'I'W — \*\YT^ Blaise Pascal JKajL j—»JL ^ ■ *> a . 11 ^ * /* > L^J I 

^Ihl'.L jjAijLj-i a Ij^JI Li ■ A 3I (J-% in jJaj . pAuj u]l <JLa.aj 

. ^IajjVI ajLjj 

1 J Ik: ^A ££^aJI <_SbL*JI J »ik.i < <jlj£]l ^jA (j^LakaVI Ij^J «< an 1^ 

. <G_i LaJI SaLj^JI ^ya <_Sj_)L Oaj 3^ Loa < I^Lajl l\ A , V Jl Ij 1 ^ I 4 cL&jj I 

<—S^LiJI ^jijj j^jJI — ^J«f — Jail Jjaaj < <a(j£JI ^a kjagJlA lillj j-oj 

Ij-lc ^£jeJI kktkll (Jjii 1 njV'j . l _jAjVI jtku-u jj^A l>A^ a a ■ a -x. <LA_k ^Jc. I 

. aLlaJI ^Jc. Jal j «a V jl^-t jlll 4 kJI (ja 1 1 n 1 t cilj jl oljaa^li^ A ^lijjl 

O La Ij k 1111 jA Ija 4 _AA Lai I L VI - ■ J 11 31 « * aO jl... * . \ ~.A ^jjj . * * . -.1 ( I 1 jlj 

. j ta 1 ,.<Vf ja 

^Liaal *illJj|j JaJJjil i_#iLiil a« . .L. <A^jl 1 ,I & j-A ( jjLaj 

JLakil <aLa -5 Ja_=a_i jj ■ fall I ^yu ^ l^_ill^ a l^kll a « . ..I a* 

. <jL 5 SJI 3c. 3 jAAjk 

. <LILc CilcLfljjl ^yij Jjjaajli <aa u l i ll <lcuijil <j| Ijj ,~,^ILJI 3I L°J 
ja 3^1 jL^a.j| _j-ki < NAT0 a:*. . ^^(ji ^Aj . ? •>.V^VIj n -kil a oLaI^ jaJI oilaatlj 
^lil <LiAalil a Hans Pfaal JLaL 31U (NA 1 N - NA. N) Edgar Allan Poe 

. aljfil <aakllkil <il^ll Poe ja jiaj . ^LJI <Laa,lja jaaiil J\ JkJI l^fA 

LT*J 1 db-ak a b-fil k i. . A_i i. tT^n ^ a . u j ji j a. J i ■> ~ii idJj ^ic i_tLu a_lil 
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IjJ < J >i*i 1 . 1 JI I (jl Ji I ^*irk olfl^II A j-A Jj-o V < ^Sl^ll 

. ^aSlI ,l> mj (jl ,~i JLJ (j£aj 5lS 

j* * 4 j)(j ^jbjl c \AVo 41uj ^ . juLull iti ft jJ> i J ^. Ij ui i « i l 

(j- J-*-* 1 ‘ <JL^^ U* A ,”\ J*axi ^Lajjl (jj- i .ta. 'J i 

. 5_LAjJJ <jj ^ ill jj^UI jj j L!al Jj&JLu < L-%11 fj jl u Ij . Cmm^I J i ^ 4-ai 

Gaston Tissandier j»'*.!■ ■■" ( 'n li-uljk j-Aj aLlsJI .iiS ^^ic. JJo ^jll ^iUI ^ LLiiuilj 
’. ubfW Li JU j^b *> W 1 ,> 1 jcl > Lurtj J (\AA*t - Ur«) 

■-■« La Kj . oLjlLJI (jc. <»a~ijl.I (jlj_il=JI oiL^)! Ij j ^ a' JSl oljjLtJlj 

gjjll j^Jc. JoSLaa gj'l -t ^j_uil Aj^J-uaj oljjUall (jl i_t=«-J Ijlj < eb^-li 

,jlS Ijl < LsjaC-j . 4all Jirt't ^1 J.11»j (jl (ja IjAj < 

. < _ > A_jJI Ij^J ^Luiiill duii^ll jA ,*iJLJli < 5JL oL-lfljjl (jJj (Jja^JI jA » A . l flH 

Tissandi- ^jjl m i*i 4 !■% m ^jll ^-5^I (j-a ^-L.j ^11 ^_ajj ~ » » oL^lLJI ojI^ ^1j 
JLLa oiL£ ^ t ^c-Laj (jl a -vj~ a 11 ^jjji^ll (jl l.i 11 « ^ jAj s mark 

. » « >LI I ^j~ ■•■II jjc. f. b^JI Li . X Ja ^k~i <JjjjLja ((jjL^) olj-a-S (yll 4.a»l -k 

Ja-lj (Jl$£* I aK (j_JJjill .Iji«i^l (jjlj j<a l ■<> <n V 4lj j i ij (^J| 4^LaJI ( j'n j Ij-Aj 

, (j i-». . -<VI J Uall <b"JU ‘ oljalll 


. submarine 4 ui\jL Ji.lj ijLII ^b^ll ^1 <jj» <■ /> Jia 4 K juII (j£j 

. (^j-aJI Ut.All (jj> olj-a.j AA-t (jl| (ya.jLaJI Li l Al l (jl ( j^aj 4 juoIjx. (J-A-A 
Li <A jj iA (ja JSl (jll (^a-jLiJI Li -l A ll J rti A ,i j (jl ( j^ - a i V < ,~i JLl Jjjla. (jSj 
4 •>_**»< (j j Sj (jl (j^aj 4j^aljjJI Ji.lj (^>aJI Li « A ll (ji 

(j^lLJI Jpla, (jA Li , All 1 ain t ^ajl Li iAII (j-a CiL l aj AiA ciljl 

. JaAaa uka^lj (ja JSl LojIj 

J ■ K d^..- ^ i^j-^lLi . oLiyiLlI ^ *■ ■ -'ll J t AflI jljx Oj-f-L < Ltaul < ciij Aaj 

oLtLiljl (Jb-bO)ll 4*i^aj (^~l<r»IS>L AA-C. (jlj ,.U-%. ,~1 JL ^ i t aa < La Itji 

*t i'»« 4 j| VI < *K -vl, ■■■*■» 4j| (jc. I. a f j < jj^-aJLi < <JJj ^1| 4 il ia VL . <j!La 

(Jdl j#JJ (jj^JjAx^JI 1 /*| JLJ1 j ii_ » Jl jl < AjIi j . t'lJJ aA Jj) 11 ^(jaill (_) A»J 

, I **' ,'|J L1I ^Aj jalliu itiiaj < 4u Vjj eljJI 
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t CiL^lLJI ^ iuAi ^ Jjjlj-UI i> 1 j,jJI ^j5-o ‘ 

^lulaj (jtj £aj i jjj-aJI ja jijlj uill jiljill (j* *Lfc jnot I oUyLJI JjjSj tZt i *\ 

. LAil 4 jaLoa J3| < ^jill l*i^J 4 ajJj 


* o H <uLLi ^Jb ^Luouil jjLlilljj oLi^JLJI ^ jJaL&»LI 

£_jjJU jl < Uii^lL Sjljdii <-ii **ij (jjlJ^ail < i V u jjl jIajj . JLliji^U LfJ 

< LT*I L*L>^ C^ J| •*“ ■ U^JJ <L ^>^ ‘ LT^> 4 ^ 

- Jliil 

William ^-bIj ^LLj ^jLlbj^II * t^i i^l « NA^o 4 m i ^ <j| xu 

* ^xa^xi^ll |^lc.l <aIj^ <1 ^ill < jjllll jx^^-il^JI jli- — \AoYj Ramsey 

4 jU-UJ Jj^l ‘J » Ij t dUj jL I * f j <| < I ifl II j A 

j-ijll S >5 ^ O*- * flKla . ^ £fjll jLi^l 

l^lft ^lll 6jUI {JA Uj*u",l Vj < Vj LLaJ JaIa jli. ^jf 

. <dL=t tli1 aftfl j^LI! 


Uyil ljKi.U tlLJI l^h^-O ^Al<fl ^jll JjKn CuoAbjl Ltul I \^NlT 4 H,<) ^ 

— j&ll I»^ \ o, A <iLui ^£jlj jIaII \ ^a (iltw«*^lill ^ 

. <cLui \A l^Hxo jl^iL <L.j ji — cuii^fll Ji^ ^Lfljjl * S**A 


Luj Ijc Liij <i& oljjK (£\ jl jLdjJ 1^-iA ^iG jj ^itl JjVl Sjil IIa jjj< 


. mtl ^Jc,| eljj La ^Jl (^Ljtl 1 ^ I a VS ^jtl <iJjlu i I Cilcjill 


jUL-JI iJ&j CJAnUjII JLo 6 j 1AA 4dAlil flUII J* -v" yjll CjljA-i^ll 6iij 

j l i ^ jVI ^JLc Jikl \*V * A ^un . ^£^^11 tJbUJI jJC 4 j^—^J i 
(N^MT - \Aoo) Leon Teisserenc de Bor ojj -r »" ji» -J ^«««!jjtfl i^aJI 

. ^Llaj^ troposphere j 1 * 11 ^^*^ ^lluI * ^11 ^ Luxll ^aL>t I ^x^ ^Jf 

* °jjJ j j i * h jjj^ ^ j-aJI jJfc tropopause j L yjjjl^_IIIj 

iaL, Jjc. Ijlo^LS M ^Lijjl iyA t Jail Luj jjjjjIjjII ^UjjI 

■ ^^LaII I* >r JaAjI O A I p I^IjujVI 
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t 4jLLfl^II (£J- ^ 11 obLill 4 fl tin { fjl CijlJj >L 5V Ij 

jixuI 4flilrJI AJJb ^Jc, Jj-LLlj < 4jjLb plfl iU J^wjpj r Vj 1 a-^ljr |^j V 

<£>^JI iJblJJI j^a 4 jLxUI Ah . (c*l 5 iUII jLLj) stratosphere jjfli4.^1 j'miVI 

. J^k It ,Jjl_)I^I Jjlfuu ^Lfl 

< 1 U jji 4^ < ^ ^*\\ . ^jJc-V j» <^.*1 oUjlLIf Jljj V cuLS 

i j^k 4 41 t ^ ^* 1*1 <llui X £ , IIA ^Ifljijl ^JJ (jlu^Jj-al jLjAJ ^UajLt-d 

o(-C-(-£->jf 1 . A Lui ,ft *h,< V clijIL c>i-4^j jjij . TV , V jot ^ 5 j 

• Cj ft.-k i Cu-u^A I 4-ofl £ Ifljj f La ^ | t l^lajJj£ *vjb- 


cjUjtjisiyij jjjtjii cjUj* 

Jal<L t^^ U * Ij-^il g h"k ! <lj-4Itj (fl jl cfcjILH <jl J n"*\l I <ja jJ_jj V 

^jJLJI 4 *il^h in La-a ^^-Ic-I CiLcLfljjl ^J| Jia~j ^jl ^AjVl £cJaau Jjj— fl ^LfljjL 
CjLc.LajjVI ik. ^jjJI cB^UII CuJjJ ftji^Lda ^ifi. JjL diLlA t dll J ^aj . jJja^VI 

■ Jjtf" 

Guglielmo La ^ a 1 4 Lieu VI ^juJa^J. I ^ jiAi 4UJ ^V 

*j- fl j- * * j^ll Ij * !"*• * 1 ^ 4 j^ )J Ij cjIjLujI JLujI Marconi 

AJ-A JlViJ . jljJl 4—jl iti*i^l <iUaAi IjJb j >"n> La AjLc. j . ^JcuJJoVI L^-vl I y-LC. 
^yjL^ll CjLaja I ^Iti tin 4_»Llu ^iJI t CiL^ja 4 -LajjIjj l^ll CjIjLuuVI 

. dllj ^pj ^51 A^a l^-la J^isl L^u&l 

j,^ai V Ijlj t «Ltu lii^ija I CiL^^a Jlali t f- oL^ja Jloj 

oLkja olfl Til t I 1a jj-a ^i.jll ^ie.j . JiVl t Ijf LjJjljll <jah^ll JULul vjLU^I 

■ <_>-=>1Jl^ ^1 (> 

Arthur tjjjjj jjjI < ^^j-oVl ^UajjJf j>» JS 

Oli- .til m litk ^Liljl < ^^jJ^jI ^uJa^jbj 1 Edwin Ksnclly 

jjjl_>JI oU>j_« j )« 4 -.... ^ j|j_iil ^Jc (N^Yo - >Ao.) verHeaviside 
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(Jljjk (jj S jjl illljlj (Ljj J ^ <jy.-v i!i,j *Li )J Ci l^ihiii l oLjjjVl < 1 lliiIjj 

li* ii<"»l jjij) • oLa*J-o t _)n‘S«~i (£j-=JI <_i)liJf CiLjjVl jj-® 4—JLcr < iiU 

oIajji Ul-tulj ( Kennel ly-Heaviside layer jj! <■<_>» j* - <i»Ui a .,.j La 
Jl *i*u jl jajVlj JliI III J ft_iIv*-^ LUbJj 4 m% lijIjjjL jJjljll 

. <i^OjVl AjSkll 


Edward Victor Apleton j^lLi j^Sii jjljjl (j jjkW I ^jL^laII jujj Ljk 

<Jl1Ajq <lVj t ^jAVl LbljaJ CjUkjA J^ljj 4 j Li >io ^ Wj 

Cul^ L^llj t 4 A_l£J Cul£ .LtI j.^t& t Aj Cj l^jlA VI ^jU t \ ^Y Y 41 dm 

^Ltaluil t N ^Y £ jfcLt u^jIaLij . ^Vl £££^11 u-i^Lill ^A JjtiaJLl ^LuL <A_Ja JjlaIL 
^r^uii jjC, *V0 CajLS JjLiihA iA <Aii-> ^j| ^j| 

Appleton ^> lL| pi 5 i JjJjVL ^^lc.1 ^J-laLia < 1 Vj I Irttl . 

Y£ * ^ijjj oI^* i'JI 6jJb (^a Li/aA.i j| l i ^Y1 4iin (layer 

jj->jlt^ Y * *j 0* ^Lfljjl £A\jl\ ££j-aJI »_foLiil *>?■ ^ * “■ > j » n id!I 

. ionosphere ^jV i _» 

4-fll— ^j-a j^aUI (j-o jjJLlujjjjYI <i-iL CiljUtl ^JjUj Vj 

6j-auVl ^ I ji^ j-j£| JIjj V 4-fltjSJI ftJJb ^j| j-lc. t j^_JI jtJajJi jk ^yaJI ■ ill 
L^J ilJaj ^^1^ {jA < eL^All jLaC.1 ^ Sa^ajll 4ija i Al l £jA 


'jJb I^L 


<J->La CjLj—o^j ^Jc t Jl il l (J I i i i i < jjAjVl 1 d*t a -»- t 

i_i^LaJf J aVi 6 jJLt /ja Ct a j . g ~i iifl.jji LilJL (jjij Lojj) jlj-a (ja Sjji I/•» 

JULu jljll *iA c«-jl£ Hj . Jil j| <jjuj_j.iI I "i . i t j j , cJjLu S n_i^> jjj ^e«_aJI 
LpLi , j3£] ji Liilill ^ IjiajLS Y. ^Jl Jj^aj Sj^jS “Ltjjjjj c<: »jJI obliil JbLL 

_ H ^ >l (^] J —•^ks ‘ Lj *i-^. .i 1 j ^ <L_«ilj!l oljl—ill I n i i A~> 

SjjaA S J^aJ .1 (jaailj jVl IJ flliti*i^l (J^uj « “Luja d ■ A. |j L^bli ~ 

• (ji S^j-o Jlj: V J}Lull 6 jj» . jl 

ObO <a l«-v*\ ^OaJLuu ^all <S UU I illij ^ <jdiLaJi oljLill Uaa jijuajj V ^^Jbj 

ijc. oLaji «o , i LajJj CjLLu LusjI 111 j_8jj I j~i*\l i * t .i.~n.t I < f ■ ...j . tll i a*.I t all ai* 

. CjIjIaJI 6*Uh 
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. cllj CjltLfljjl 4_u^a ^aI^Jo clL-A £l 

^lll 4 fl i ft *kll ^_Aj * ^jmlnl i* i\ I t i “ * 1 tl») u^- 6 1 A " 

Wiliam Gilbert cij 1 1^ ^LL^ ^j-ii^jVI \*\* • 4_lxu Sj-a JjV I ^^ < Ajl 

< 4 * ,«U 1 \« a Jaj—lo^ (— 0 -> 1^5 ^Vl al ^ Ii*j (u • r - \ 0 i l) 

. ^ju-JallaLo gl 


* * d i «■■ .U*i411 ^j_aJ| JajJifh. £-o Jcli u Li j ^. clj vi a j% i n^ 

SIjL^oj J5~*~ <J^-K *T* 11 jkl >» ^ VI 6AA ^ I ^ ~k*ij . Lbj > ■ i ~w <LfilJa JXju Jl 

<£Ua ^Li^kj I iifiA^ Laj^ju ^5U I q^I^ ilI iSLUl ^aLL ^J| ^^jJI Jaj) L~k 

. (^J^Lui * jl *• ■ —■■* Lac L^Lui^ 4 \ 4 AjI L^aIc. JaI 


CiI * *■ I (j-o £ l^jI 4 j^L (j-o Lb^lllj < CiIjJ <j-o J(jlI ^la-k 

< 4_U_^S oLu LjAJI ■"«! * w..-^ll ft JJh (jLjl . Ljjll ap 


. ^jILlu 4 nj ^*C t *iI >■> in i* l ljj jj^tW | Ja'vj j 4 i*vj a 4 tt j^ Cj I **v ■* ClL^ jjljJI 


^L>iil ^j-A * V*VA\ 4 xuu ^a 411 n ljjj ^La^ oxP^V Jj! 

4 (\^£ * — NAol) Joseph John Thomson ^jj m njJa 

j t *011 Sjj 4 _K ^/AW 41 j£II <1 j| 4 jj in u*i ^fctl ui^l jj^JVI ^i"h>jj 

^iaduil^J 4 tj ^ ... i <jLfl I 4 fl ^ i _ t 4 J “ * (ol^l^i^^l) 

Ujl^aj j ■ ■■■H ijll Ji djj jaj ui ?fclI 4 %J J^ic. 4 j i ii _it-> l *u > 11 (C 4 -41 L^-kai 


. <JL 2 j oLt^*>la. 

^J| ^11 - '*11 it-i~i»l 1 1_|J-| til £ya j5kU *> J Ml jli'iill (C^ JI Js^lai. JjLljjJ 

^■■■. Ul*i«tl ^1| a I til I i_Jaflll ^-jLjj . Injiu Lul fLi^aII ^j^laJI ^iiijUIrttl i. JaAll 

. Ki ~^jl r.Vl iil -v jjc. ^iii ilrt'i* II ^jjji-jil uialll £*£3 < ljj£ <—il^lol ji^ * 1 

(^jJLiklll 'ji (j^jVl jaj JLuiV d i . ■■ ■ Li i 11 ^aII JojJaa. ^jajj i i_Uj nil Ix^Jj 
. LAj| JLiiV ^)ill 6JA JajiiA. ^ Sj» a-aJll Cil jj^ ilVI (JjBUjjj < j|Uulalll 


■ iV «ll (ji I tit II J^JaLill (jJj Jifli IfiU < JidUiV olij^jyi J^ .x ij I njifj 

. 'JlyMA j (jJI ^Ijiai^VI 4-4Ua (_yOJU J^jaJjjj . CtljjlL ^j UiOJ l*~lj< (gt ^JI 
. iLL^iall j^ILUI fLuI d* i. —11 f Q JlII CilaLui jui!i d t.LSlI ^jalill (jlj killjl 4aaiij 
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^ t j ^ ^ ^ *• *» d t\ »~V d < aurorae ^ .* t JI S^aLL ^j-A uitij 

* p 

j-^ *H (Jijft < ^jll o 1 T 1 II J^flVl LLsLa. Ip^ j m VI a * T i (jjj-fllj-uil 

, JLaAJI Jiuill ^a IJLuill d :: Ual l <ikUI 5JLJJI JLllIj . ^Llill aL^VI 
' I JlilI I d ««Lal| I 4 _lj^jc*JI LillIj 

t jJalLI J * * ^ ^AjuuII ^yA (jL>lii j \ i*i tl jJ L itfll ^ \ Uttll iTill P ^ iQ Jl ^ jj 

^la. jl j 2 a}L£ \ • • • (jJ] Ch° ^ > 4 ^ h 

oljill (^q j,v 1111 jji ^j) *I qLc. 1 fl 0 VI 6JJb J ic ctJLiA JI_^j Vj . j t njlY * * * 

' ^ijLaiI ^Lajj « £-0 ^jLau 4cjLaiII I J*^" 4 j^II 

j °V *11 * j» .Ml OIjJuLi £j f jjJc. S^jLflll j.vt i ujj^iVl p lj^ 4 flL il | ^ a ...tj 

SjLjj-aj I JpLuojj^ . (exospheretjj ^ajlaJ I ££^a]l 

^1 JjC. I Ja> I JjlJU ^a,a < IcrjLfl p I ^all j *** » Vj^ . u^lj^ll pLAaII p 

1 j ^Ki V |j$lj — Ciljjll 6 J i J r. j*!*** cJLa 

• (<jA_>^ udJ^ 

J~> fti AiIaLwII i ii ii \ ^^ all uA^LaII jl < jjl < JjaII 1 * »j 

< oljJj-ijJI l y u Ci a l J>Li. . J-J-o>L£ Y* • • (jilj-i. (jikjVl ^t-> l. u 

• j^aII 4aLluXI (j-a JaAA \/Y* • (jJlja. ^_il-> r> S^iLb (_j«ojVl j < jjjj 

<iLJLI \/A« • • ^b J2l 5 j^JI <i■%. a olj^tLJI oaiSjl »««< kiUj jSSVlj 
. <iLuJLI tii • • * • jja Jj^I Ijuj ■•*■!»■* ^ull cilijtLlI i ^till yll 
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Ao ^jLuu ita'x i i L“lji - ,To ijuLill ,ji iSJ^i 1>* '/' • * •) (*‘L>?^ (') 

. iliLuijjl Ujak 

* ^' i t i i ijI^JI Jj«j jjlla : ^ jl i tif J 4 , mj i iiu l| Jkflll ^jllttfl (VJ 

. CAMBRODGE PAPERBACK ENCYLOPEDIA jLi±±* ^ o^j Lli. ^ 
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O-oliJI J a Tl 
j$JLJI jju Lo 


J*aJI j jj JjlaJI 


Jjil Jl £j_>_I_=J J_*j Cj ~U n . ^1 CiljjJajll Ijl>j fJ Ij-J Luj 

.<Jji»jl jUVI I ^ 1 U" 1 1 I JjJjLlJ I **Q - LoJ JJ - Ji)"h 1 kA£ 4 juL»-i*jVI 

. iJl&uVI 4-11 ma 1 i i Lljl ) q » * cil<A £-03 

j!> (jj . ^8 In. £-SJ i_feLi. (j-a ^lLo^U ^AA-il ^i'ih I I nj'lf . 

yjjJbJ—o jJaj-o ^jJc. jl)l j n . !j i i l a l . A J I ,jJc. t~m\ yjl JtjLa^-fl L l j I 4 1 a il I 

4 »lf ■ ia~ ^jjI ^ciaxull ^ If CiLlaII lJL a .\ja iU~.■,.~ I J-C ^iajuojj *a *7 ilL j 

(J£ ^yic. I jjk ijj ''""J .^.Lo^LI i j l it ^J-5 -aj yj] i Ji^ J I n' ) I I i ~i L-OJJJ <d)l_lAj liA 

1 q )l i'XII^ j aa~ ^1 1 jl_^1 Itlia Cu 1 e I^__jlu 1 <Li^l I O Lj IjjlJ I 

A ^J|**) ^XjuH j\ 

t IjjQ I jJfilj Ll_iJ-i| <iaj-ul^J LflJ^ P HI £_flj J^Lj^ ^ya P 111 yB dJj-^Ij Lj_j|_fl i^jjlLj 
(I j y»-tt l"i x.-aJ lj »jl fl\o 1 JjJ 5 -=klJlj j-^-ill J > r J * LfILiU dll oj-uVI dlj —^ju I ofi j 

' (Ms 

6 J-X.I mil ^jUalil ^Jb <_^j_aJI 6 J-X-l-iiilI «* tj if. ill 

■ jj jJall j I oLIjt"^JI ul j jlS 

<bLa> ^$1 dJj> xa> ^jjl U 1 iiylI J \ V| ^Lo^LJ jOJull V Lx-ajLoj 

plj "w 1 ^ ^y* pi—.6 j' \r\-k JKit.X ^ I .A all Li| jijjj i—flj) i nB < t ft 1^11 

. <]^Lk dljVn jj-lt- (gjf. ^ 
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Ij ,j-o jjV t' t'i^on *1 i Qtl l ^ <£j-aJLi iJJj ^_oj 

ij^iU <£>iJI i < ii i iJ^uij tjUjjJI jl« di.~U jLaj&j LlK idj "■-! ■ ^>all 

.(^lLuJI (jja 


4ic.j_uj ^yj I Ul m jj&aII (jl^ jis i 4jjI ni nil ( u uilL» » fl » J-alx. <C.^uullj 

3 -^-j j-5 ‘ ( c Ji m jjLS jl if^ii ~k_i Lo^),_)AjV I J[j^w jlj «~i <jiL 

l A .Vlf | J *V t t JJ lu d 1 LI H ft *^ J** t I >J _ <1 ll j ll I I j t * t-Li.^ 1J 

.ijL^ill (ji IfJ 

(Jtj^. jljjJI 1 n-Afl 4 _Cjj-u 1 I J_o I^Afl La <jLjJLj Cj-1juij£I <-U-ijl Jl ^{j 

J-A-A iWj i-flLS jJ fli 4-ilLc. ‘IXjxJI CuLS ^juilo jot J^V ttlLiJh JJaljj 

4jjiiaA 4^^bu .(LikJI j^JI q! A iln ^A plj-gJI Ja jGL f <LSLIall 

(ji Ij l a jh^ \ \ r T -Lulill Cilj 1 •jl j^ A i jM j\±J* ^ 

,jAjVl JLujU. <^ji jj cilit Ujll J«>1 escape velocity (w j^ il Oilill 

■ JJxi jjft J^iiii IjUAi 


iJjLfij Jl Vj jl J-o ^jB j^Jj 1 j l» ^kl JaJLfl » 4-tj.wj O-LjuuZl^I IjjJi 

I * J I n Jg fl~i Jl I d \\nj }La * "kJ ^.fl. 1Yi Jil I i&xju^If ^J-ftJ dllj Jjb jJ^I 1 *1 l jI> 

j| ( freefall Ja^JL_u<UL^ ^a ^,*‘j <4-ujLaJI oVI^ « ^J| J>1 isj- 1 -* 


L j£*ji I L^jVI l . ftfin <oljl*ill I i^jiLajjI 


6 I.\ 1 fla Jljj V J^Li j2 x^^AjVl (Jj Jo^JLui ilLa> 4_iSj-a jljjJJ 

ij.^-^1 4 i^^ll Ja m Jl j^ni J-A-A (Sj^LlU L^ijjJ J-C J-o ^1 ^_lc 4_£(jh 

.l^-i LijLi^l ,jojV J ^fLi| ^_lc HIuILI Sj^hVl ^ iti*i i ii*l V p I iAflll i^AqjJaj Ljji'VJ 

•« p p ^ 

J-A 1,^ 4x^j li JI Ja IjJ_A VJ i n*l^> I Jl 4 t^j-O ^1 lll„l.i,iU Ja jJh (Jj|( 

p 

S Lilluj d Ij J a 4 jllaJ A^^aI ^^A l^Jj^j uil^ ^l£jl ^yk jloa cl>kJI 

^yjl ^LuJI JLaIa .1 (jl “ fl < kujJI ^JUj jt.iSTi 4 j^_ 3 »l « I^ ~.■ ■■'.. . 1 IxajLa 

(jjJJIS) tjJLfJa Oil^ pIjau f |6j(^Vlj JjUujJI . La^Ha ,‘| jlk a I i/*»>ll 




/ 



<Lc.j_iull 6 jjLLJI ^J-A I j-4 iiaj jjl-LuiVI ^ ‘n < "» Jv# jl 

aIa JIojj -<LuLill Ij“> •, to ^Jlj-a. ^ oIjjLUI *oA IfJt <*•_>** 

jl Jalaj Vj <,_><»jVl J>a. jlo-o ^ | v . > <jjJJaII N/VT 

it^juJI aj_A SjLj jjJ] Oj^-aj oljjLkJI oll». m-t~it l (£JJJ 


- 6 j_u£ 


S I jflt--- U._» jtl ^Jl V ^j-o dlliA (Jjh 

LfeLLaJ 4 <l*i 7 h n £-AJ <Lu-u£ j hi cJLlA !^-*-» “ ^-A 4 jL^V 1^ 

* 

.(^LlA ^ja LaLjjSj (JjL-ij^JI LjJIja. 

JjLjlJj ,i_£_L^JJ pLLI ^j-a £iLftJ JjJa ^jC. ^Lo^U iJj il I 4 i^>nj SC|id jLl^JLa 
oliiJI I jJ Lo£ jj_»j JU .jLl^J] 4_uLaVI Kj^JI <^iLftli] 4 I 
jLuJI jla .dliS JLaJI Jjl j-j-c- <^L-obU g.i jLa aI I *Ltl 

*uS-0J JI jj * aj*hll ^-A, U t p La 4_jjJ jj LS j]j < Jj-L*j I 6 ^La ^A p li-J I n ij ) pl ^ 

.jLi^JI o ^-Aj\lI pLLI <d^LL ^-c ^i iiJI }U tiiij <^LebU 


4^^) ^U^o—laJLj 4-.*.. i .t.aifl 4. ,i. i Ajl—Lai ^JLui * aQ * dlil JjJkJ < 

ilLJ O ^ < Jujflf I I j-A i jA p^ui ^f <^l£.Ij ,* ^j-a 4 _A_l1o I fl lIn'* i 

dLjj J Ji i -A , I Jlc l_a£i f Sjlll 1 J O i I ^-AJj JjU ^LabU ^**JI ^ ilnl I J|"| V 

• j i n Li Lftljjj 


* . * 

Ijl-A "h ^-A La Ltjj Ja,A"iII '■n-I I lj-0 “Lo^S ilLdl J)l uilij ^_ya <J > ~i-» 

.(JuSLaII aLajVI p lr> 1 1 ^J^jj <*l ■ ■« a« ■t'v i i Q j ... a ,|^AjQ * 1 'v'i l ^ Q aLiAA CUXj 

>—A j i ii fl ‘dA»i.l »Ujil I J^JI CiJ nju <0-11 n 4 -jlljj d «‘»L* aLt^xSk. ■"■ « "j I j Ij 

-% ll ,jV jVjiVI lj_A 6. U1 I . I (] 1 njj «Laa JS .‘h r.j , ■■ 

<d-»-5lj r- 1. ■<-! fl 4i^ OjJjjI dj| ^1 £ijii\ i a a lj j II \ .X ^a i*.. ■ a j i a 1 1 

£-^-J I I j-A a . J i-Sj-tM <4 t j 5 -> 11 (_jjj ^y, p Ij^ll tlL ^ LbJLa. OJ$j 

( J , - 1 ^^ 1 1 !>=»>*—cr * 11 “•>-f 11 ^jlia 

dGbjia ^| 
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tj 1 i-a |j 1 ^ **,V A 11 4_^j -v olj^jj iJJ J>° eJ—*-U 4 jLijJsJI 6JJ& 

.the law of conservation of momentum ££j^JI 

—*_-aJJ Jjj J_x-Lil ^jjjLS I—4-o_>I ft nit ellj jj a ^L-*wlt JLiil Ix_a 

. MAV < j,„ ^ . ~. jj6 <t_k. jJcl j-o Jjlj ^ r ^the law of action and reaction 

cJliJI 4^j^JI I IJL^J <Lxoi h i tJLlAj 

pi irt ^11 ^IjL-a o ^jJo_i Jj^iLja Jjj (J* flll Jjj-jl fl-Q jpJj 

/ c * 
jjja. 1 JjjjUill jpi iQftJl JAaZd jj Jjjjjj jV < jl nr.VI ^_fl ljj-^1 a 

. (dlj ij-o jSLill cJj^ajj <6J_iJ£. CjI^o cilj 


Jiwlj JjSjll o* -oljSUall <JL=w ^ Jl 

4_aJLa J^La. «Lc.j_jjjj <■ ql-vl| J^_o 4 *> ••>.Li.ulI ^jLsJI oljLx Oj i ^fj <<JVI 

Jjl ^JJ ' aII oLfiall ^Liail Jjj «—flji nfl <4 x.jj_JI ^jJLc. jUJI jjj* LiLflj 

.*L&U 6>SLkJI 


£.U ijpjB ^jiil ja (Jjl ji (-^* V) Frank Whittle Jl^a j »<j j 

<GjSi ^_lc £ (j.3-*.1 6 p Ijj ^-ic j i i nt^JI ^jLtaj^j ^jujj^j—o jJ&j < Cil jjLI» 1I ^Iftf 

< \ U. ..f.l AjjL-J o Ijjj-fc* (3“-° iJjl j 3 *—* ,jl—^ ^—i-*-u 

(^jlj-ILflljj < I ■ *a || JjJ i^ij_aYI L-° ( ^ ^ ^ ^ J^L-° 

.JllaJI ^_a ^ ^*v"■ ■ ■** <LUiII ol^-iUaJI r 1 ^I <UiLJl 4 jJL(jl1I I 


4j Oil I O IjJ LLaJ I iS Cj lj l,u O Ulf I 1 j^ lajj 

^I^41 (JS "^1 f ^gjl -k "ill tJllJI (JJajij * ^ 1 1 oljjUaJI ^j-o 4 x.j_j.uj j- jk j 

.rf » i-vll <jljjj_uJI 4jLfllli oIjjLLaJI ■**■ 1^ * 1 *Lflt j< ilI ^lLjjJd jl flj.iiVl 


Charles E, Yeager .^| ^juJjLi jLiLJI jUa jj>j$I ^ 

<jU oJc. j Lt *U I I p^uxJI till J I 4 Xj-uj ^j-a j^^l 4Xju. r u (—N ^ YT j 

^_a I j ajI N • A* Laj^u 4xj_uj *a> sound barrier, oj «d I ^ j j 

\ * "\ * ic.jjuj L^iA pi It < In-i irtHj p (j^J) djl^s. 4aujJ ^j-a t_fljjJo Ca^j 4xI*aJI 

.4xLJI IjjlajJj^ 
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i j" «j1 VX 0 • CjLc jjma rfM a"*ll oljjLDI CijI-Iq dllj Ju aj 

4r j_ ■ ..I I \ ,y. A <<_ulill l^lojli^ X jJ-iL La jl <<—cLuJl 

•jjijVl f 1 *» > <jjllall <C^uJI £Jj £-L-> 

O-iill jlj-® (j-A <Jjlkif <Lc j-uoJ I ^yjc. 

^ tl p Ijj 11 <Lo^Lflja t <_J lc Cj lc Lfljj I J-ic <li^JU ^ iO i ^ 1 ^ ^ * 1 ■■ I 

■ |* ■ ij«« 11 IfcL^J 4 -^jJj i . ia! I j^wj iJa^j j|| ^ y\ iC j J iLi L^J (j^jlSu V ^jl 

I JkJb -ifc. (J Jj| ■_ < LaJ^JJj Jj^iJ U* i *>^ I ^jLftill 6 j_iUaJI £lu^J <cllj £-*$ 

^[_J (| 11 '* ^j • ■■**! ^Jx, 6^_iLLaJI OjLS .J) ~|Ji (^-2k i n<V! 

j_=JI ^ i ii I jj_o ^s\S lit ni dljjb Jjii i 6 jlj_oJI ^5 <UojLill o Jaj ft ,o 

. J 5 S 5 II ^Jc I A jr.Inn £jliJL 

.pi . -Aal I l a I .T.^ 1 . .< y <|_lujL|| *tJjj_u^JI l^_i| *« V ^ 1 1 a *1 1 dj Ijj I LI | 

: U. 14 * ^ ^jjlj*aJl 

4 aj'-h'j 1 in ^<HI Vj (tijLftjll |j_Le ^ w” ■ ■■ * Ijl^a. i^jjl 

CjI_>j-i ^yt Uj l rrt i J-^JI C^ ? m^ l ^1 4 -^1 -til ^jjJ Jjj~‘ "* - ~ Lj-*l .la .J S-iLo Jjlj 

Ufil (_jl ijl »~i .x I i^U iLLiil J IjJL I Jj-B fli 'ZtljjZJIj . j^2hjJ i. ..hj-JI 

oljjj J>o Cg ■% I .. < ^1 ^yJc. Jj i/i-JI jjSLajj .{jn-yi n'sVl £ja <C-j‘" ‘ jjlj-aJu 

J^l ^<1^^ I litijCj I .,Lj-J I Lulxu^ I '"V 'A "V ■ ..^V I ■ I ■*< 1^ 

jjjj <Ic. 1 - T i 'ij j < ^jL-ojSJI > 1 -v~ V I Jjj*s . ■■■~j . ^.1 1 

■jlA.ill 

Jt<~ J ijK M La IjLi .gunpowder jjjLJI jj-o ^ L-JAlIj 

^ Lf^l ^ ^ l — 1 ‘ J ^ ‘lAAj-uIlI I £_a jl Jl*7. > jUJl ^j^mJI Jja.JI CaJ 
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ft ft ft ft •" 

CjJajj pLc^II j Jl (Jl5^ jLL-JI Jai_i-oj -tSJ-^ 

• bj^Axa 6 J Lo Jjl ^_A JjjjLJI £±o 

cJ * ^\ 53 i^Jaj-u^II JJ i /n il l J^La. (^JuaJI 6 jji JjV JjjjL±ll jtlo l ol .» "i^l 

6. L u^ gJI 6j."k.fl ill AjLLI JJaj .J_ili_c 0 JL 1 JI ^-fl Lijij^I * n 

-tillj axj j>o iU-u 

I a.li* ft t I4 H jL ..I-l f ^_fl 6 jjA <«a <fl L^_i 4 jl^la-mI J^jLJI £_lo ^ L hlj 

. . ■* *£-j 1 ^ l~i I IiV I <65 1 > 1 I <1 "fc 1 fll I 6 JJb J )-0 i*S j. Q 1 jl ^ |M ^at‘n . ' 1 ^1 •" .7. . 

.rocket ^jb <^_ujllj < . II 

I j ^ *i -i 11 I I t i S t C ' 1 \ YTY <lui uj ,^tl ui (JjV ^jjI^jloII aj>fla 

(jJc L4j5-0. W~I .11 _I I5-U3 alJJj JLJU Jyl J!>kj >*■*• (/* 

ft M .ft * 

Aj-A]l CjIi njlj 4 ^1 ~w 1 v> | ^* I w»j li I ^ ^ ^ * O^J . Jx.LiILo 

J^ill oI i . *u 4 j«jj -^JJlII oI^Jc. CjL fljailI ^jja }(j 5 k <Ll^.I 

^ \ V*\^—\ V0 \ J Tipu Sahib ■ »-v 1 ^j_u a jLiii j * -^.1 1 I * \ A-" . .. I ^if.r 

I ^.j-h ft 

William Congreve i_ajj_=u^5b ^LlL^ 4 *_• q, 1 11 JajL*^ j*~ jji jju» j 

* NA • 0 <LL_u fit 6jj) 1 o t I ^ 111M -%1 ^_fl \jLi 3-j-^II a jjb (N AVA— \VVYj 

(2)1 Jj 0 11 6 I ^_fl ili^2k*1 > <J », 7 ^j <JLl!Lo I -Af- <ti <^j_a 4 i^ia 

^j^L^II (£<Xa J 0^5 *f 111 a "h LjuoxJI Jjia JjLSj Ua ...» j| 4 _A 1,I j «***« 

l^xa_^Jj^ N , A 


<5__uj_iLLlII pLjj| ^_fl U*j*1 i ^ ^"■■■!j 

o^k. nillLi c 1 1 tjp ^_fl Fort McHenry <jlLa * o Val I »Ati ■-■ * * 

ofllj I ^N A£V* N VV^) Francis Scott ^ cj^SLlu > uulj^ . N AN V <im 
/'The Star-Spangled Banner" UlL^ lJ^III i^Lil aj^j jLjli^VI wuSj wiiill 

ft 

1^4^i ^ij ciiljj IjAjlXla I 
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^Jc. <_Jlx. oleJ_UJJ JL-ujV ^>VI <j J jlfl^H I 0 -»t^j 

^*1^.1 ( JA <aLLo <j Ij) t-iII11 Jj^UI Jtio t j-° o l . j a ^ CxjLS -ii-fl - ^AaII Cj lj-fl 

jl'yttJ .^l£^.L <Ciila JjjjJLI jl Jj-* 5 I4-0L0I £t ^y jAj 

I ^LaJj I jj » j j■ -V* j £_ijJU ^-v~<i ^jLL ^Jl jjjLJI jc-Lo 


■ *tj ~y »t I ^ a\a~ ^| oljl^H ^ /t.^^JI <j it t/*j j-fllall OjIS 

jljjyl I ■ -A «I j j *'^ ^ * ^jLSkj a !"». ..VI tlljJJ I nj *1 r I 4 J <Lt^j_u ^, 4 /a flLt 


6j^_9—bOJ <£—J-cIjlUI ^_fl <v £C-Jj^ -x^alJ O-JL£ 

. 1 alA.il l J^i Jj-O jSVIj > Jj^jLiJI £C-Lo 


I * * 

. e. . - ..I - c. . . ..I 


Jjljl < ta .fljlI ojJ^ ^j_fllll <L2k.jl p i* ^ oS_i <iJ1j ^j-c jylej 

jjJe 6j^Lcj -^jjl *s*\\ i-Jj-5 J^o 5_JJ I <ol (jl J Mif J-j-uLill JjyAll 

JCJjIjJjl-O (JJai I_1 Wnll I < LULfljJl I y. fl, \oT\ id! j 


Lfl-olj‘?k'Ltul fLoLcu Rocketry ^ 4 r_(t,v. 

jfllVi oI^j ( 5 _ajIjJI <l_l 1 LjJI J^Lij .^jJLi^xll ^L^IL ^LlaII ^yJc ^ 

jJaiJLuJ <JUll (JoJ-uli ^y-ie I j(^ia J-AA 6^a 4 \ nAl 

l^JjJo jjJc tr 1 ^* <;-^S Ua»j ojLS j 5 j .bazooka 

L^J^Ja <j!j )Umi I ^j£- 6 jLlC 4^jjLjJ[ OjI^j .OAj < vVn OlAJ ^n r iin * S * ^ 

O LiLijJ I ^yie ^ Lfl£ i 4jLi^ia * *_ a_*a ^ L^J^Jo jyle ^ * < I^ILa N , 0 

J-Q- 'a . J 4jI J-=^lj ■ < i» Vj . Jj-i-vlI J 1 JjjLJI o 1 u^-°ij 

<L*Jai o 1 O* U^-°^ ^J ‘ ^JjLi-cJI SjiJ <lfllio SjJi L^J <_i*-fijll <-*Ja5 

. (iijjill jiUajl J*j I. fl j -^ ll j_Llil ^Lfijjl jljj_)VL >j.>-al 1^ jljjjl ^(j iuiiAo 

j jJ(3 CjI ^ in LUo I n h~i 6t 1 fl*\ t ^ ■ ■■ q ^ Jf j V. i-vl l » l-^~». .. I 

.Katyusha Lijjjlf* ^jjL-q <uk IjlUal 

oiLS aii « JaiLfl i_ij^JI 5 1 1 I I. L$ ^Jjlj > ^ H ^.Li i^~i ,.,1 Jj .^~.l I ^ya ^Jj 
(jl (J ^nj ^lio (JS JjJ < JjjLJI jtlo L^_ii «.■ < A. ~ ■ ■■« Jjjll 
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j ill •'k, (J.ft i {] I tllljj j Lft jfl * «j .d)ll_A j^Lijj p J-oJLi 

. I c-S^LaJ I p I LojlA ^ (| ■ »| 

U-J^JI JLiAil < —i^afi Ij—Jb I (j » a * * ■ * *L_U-uIIa Jjl OjL^j 

v 4tV I ^J jX i 17i 11J jjLJ.1 jJb ^ ^j_uj I ^ 

4w«,lL jj Jtxl 4o-aS j£a (Moo—MM) Cyranode Bergerac 

10 lli il 4jlS <-^5ll . N^oV <jjuu <Glflj JJLi j j-oaII ^yJI Cj^Lzvj JjC. 

4 n i Jrj <LJI. I j ^U* a ,\.\%. \r oljL^-o L^-iA ^ ■ ■» * ^_oa 1I ^Jl ua 

^*1 n 4 **n flti (JJa-» ^J-^JLuil Jfl.fi .^_>jlj_i-cJI ^ I JjkJLi^ul 1 ** 6j-=xlj ‘ ** ^ » >■*** cllj £-*5 

JaJlII JAj .^oflJI ^yj| <-L&-=J <Ufil£ ^»J lillj i^C- LaXj ^allj 

-^>VI JjjJall jjjft 6 J^Ijj 4-h^klj 

^Jc, J J^-® U"b LT® 

AjSkA I^Jsu ^Jj -v If cJliil <Gjlli J}Lrw ^jjO < LqLc 4JLilli 4-ijJsu 4 _l^aj| ^Jc. 

^ ft If JLk <ItTkJft <ciij J-0 ^c_»jl^_L-a 

(\Al\-\Wo )George Tucker j£ { £*yH\ ^l«t l <\AYV 41^^ 
ajL ^>JI Ij^J Ig-iA ^Vwi.l -A Voyage to the Moon j-oJLlI ^1 <i^.j 4*ai 

H.G.Wellsj-Lj.^— a ^jUaj^il i_u(Skll jLg-^II I j_a ^uAj »l ja^ -3**M II <JjL»_o 
antigravity^^LujlaJI >1 .a* jl « U^l i g j...lj .\*\. \ .(NMH-NAH) 

<Jafiifl 4 jJL=»JI ( jjpfl p !jj ^^jxaI ^-fl JLi.) LjLuLfl V 

.(iljUl 6JJb p lj-ij Lajij ^U"hll jj-o 4 jI J—4_j^Jaill <xxUI ^yA ^1 t^*ii nn JjjSu Lajj 
5 <s* # ^ jl^jj V_I_»J^I ^-* * ■ “I (,Jj_fl ^jjO O-lfi Lq_^ t NAlo <jjuu 

. LaLoIi jJ ..^ ^_jJsJL» l»j_AJ .j^laJI Jl JjLa^j <Uu J* ^ U^JL 

( N \ • o —NAYAj Jules Verne Jjji < lJ^j^ ^luj^aII ■ uKII ■_^ < NA"\o 41m ^ji 
^1.^* 4iLk_il 1 ^ * a J,*^ .From the Earth to the Moon ^aSII ^1| ^AjVI <y» Luoui 

.J^LoC 4>> f4®*^® (jJ] 
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4\4-U-mj f 1 ^ 1 ^I ^ i* fl » ‘Sj^aII 6 ^->1 (jI j^ j 

# 

4_c. j_xx* j_a^I <Lc.j-i.ma J-iJ 4Aj_fl j^o Oj I J-^*> 4 n j . rt 6j rw A n 

Jj I _La jxm ^Jc.^ c I . Aall ^Jf 4-j-oj JaJ I ^y& till j hlJLJ j*. m. jl I £-fl.-iA-» ij8j - i-uj I j 

f. |j^JI i-ftjLL-o juG ‘ -1^"" cl) ) t—fll£ jJAj v^jjjgJI 4cj-txi ,j* ^-Ic.I <Gc:j_wm jjSo 

OJj_i_uj . 6J J^.f> jj£. (J-flj-u cl lAflll J^L^j <CjxJI 6J-A ct-l^-jj jJI 

£ 

jl C\C ^I IJjj^Lq jjjLjJI Ija (2)1^ Ijl I <Ll_l j Lzk. jljG AjLxxlO AJ 

» JflftlI ^] I < 1 4 I«-V t i Qj. .. ft 40 ti 4 - ^.a^ j t !jU 


<Jd-a 4—ul j 'il l 4_jX.j_i_ti (, > < i i ~i^ t k —S^JlaI I . 11 *aJI ^jl < dij £-a <4 l^.t.1 I ^ ^ It i^ 
Jj-aj-o I—UIJI ^ I (Ji-Sjj ^-Ui i i_Sj J_flj[! jV III -Ni II £_ij_uJ I J i nil I jj Ij < £-fl-ll 1 (J>k 

(Jlajj .CjljJ-aj-ld 6JC. (_£j-o <Gc.jjju j'jjLdl ._i 1 n - ^ i ‘(_ 5 _)^l 4-ialj ^ya j -4 -i^jJIL 
dU 4a_ujj .'—S l~aJ I ^if I « a \*«.» j LiJ I ^ I jLoj Jjjaj jLa 4£,j_tu] 1 ad& ■ ■ ■ « 

i_c. j_uj J^Iol oSj ^jj L . ^i JI ^ 1 ~i.-> i Laluj .J5| ^jl <u~ill ^imi 

*lj2Vl <6 j-l-a 4l (JjVI Jjj—fl t ^j-o k—S^.\ fl o ^ 4_alj_aj La-a ^O^IasV I ^ ' 1 J)J ( 3 11 

.pLial ^LaAlJa ^Jc. Jalxall 


Edward Everett Hale JjJk ojiJ jjljjl . .iKH . ~.< , \A~V^ a~.... ^J, 

<la 'i < \* j±L a LAa L^ii <The Brick Moon j,Ijlu ? ,^a (\ ^\ AY YJ 

<L ^ U ^ kS^-^ *j*-i CiiLkjl Lojic. <^^1 J>a jlj-a ^ „\ ^~i fl j « e ^yo ■ , 'U.7, ~l l 

jiojj <j-4J-aj iijjia L^jjS LuLuj lj_*j . giant flywheels ^yS^Lac. ^Oilaa 

.(_ji>lj4C.VI l _>uij jljj (jl 

j-lifc ^cuUI Juill (3-ddi JL^JI J^uai (^jll ^jjUoil j 

vjjl^JI NA"\o «Llaai j (^jJl^S>*jl! ^yjl 4Jaj) jJ» ^ 0 A-alr. uLl^ (ji JjLS 

C-jL^Jl J^-jI - dJj j-a <t5 allj ,Achille Eyraud jjjjj J . -t. i ^ j_ij| 

SjLcIj ^jjLcJI ^jLc q a-a j; jioa <ui jl~i.c .l jl « 4lI=Lk 5rocket principle 

.a.jj.lc. CjI_^a <La IJ -%."i m I 
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J-o(jU Loa ij.uafll I jj-ac. IjJ-o £-o Cxl^S' ^ ^ JJM < L& 5 -&CJ 

.^JJI JLiJI <b 

*_>L*Ji ^jL-a cJLIa <jLS ^.Vinu; ^jLS ^Jl aj-jlaJI 

* * w 
oI-jjL^. Uijj-^j Ljl^j_fl K Jjuj^y .Claude Rugieri jjJS ^c.Jb ^JUsuj 4 jjIj 

<LjI ^Jb .Qj MiljL <1 suujI^j ,_^ijVl ^Jj J^LaLi (jh-U i Aij jc_j^ 1^-4-taJ Li A 5 ^ La 

JL_ojl ^Jc. 6 j.v ill I 4 J S>u£J 1 j>i^ll Jjjo <Lfcj ft ^l,jJh.A*AiV JgiU."^ 

.<GkAAj( <LLjjJuII JjSJ <^Jcl ^J| i^jLuii jl 

J^*" * a J*»l a *| CjI^ fl -> A ^jLu9 clLj-A jjl—^ dlj J—ftJ 

JLil£l ^ lpl v^-.V JjLS .Nikolai Ivanoich Kibalchich .fJlii^ 

. ^AA^ <1,_m Czar Alexander II ^lill jji^.O) jj-auill 

pLul <j| J-U . jklj£.VI <oA Juijj jJ-»jlj tJj j -ti- V JijLjS 

J * . ^alll * 1 ^ JAj *4 tjrvjijl .y^ 6 ^-Aj A^jUal <J&a. ^)5v*iJ t^. IxC-VI jk^ AjUsuliI 

J^o £-® 4 j-c.Ij ^ jsJ ol l -* l< n Hj ■ 1 oL Ui cu ^J| 

.4_iajuj^JI 6 jjSn ^Lifi ^ciLiA O-Lloj JjLS -0 4JaaJI OJLjua^A C^JtV 

Hermann Ganswindt .u_M ^ jl o j , .ia ^Ul ^1 —l Jlla jL^j 

(Ji-a 4-JLiaJI oLi ^jLl ^ l^jl (J^ ^_o (JjaLxj ^AII * Alj-3h ^j-SVl jA *\V £—N Ao*\) 

AjjJilL (Jja-JU < >^j-o ( N ^A\ <1uj tJjljl iffy . X . t taim 

jl^_aJ ^ \ ft «.^rt jKul ‘LAj^Jaj JjL^. . jtjjLiJI 6 j-a Jj^ 

JjSj *l> I jl_w . (o^LflV I) I 5-c.j-i-u ^Jl I cl j J ft* -; 

* 

■A^JLLj ^XaC- (jlfkj < UUc 

: i-»jUSll ^ia5>» juj\j*ol I 

Konstantin Tsiolkovsky i ^J j j . ...1 ,> L lL.-^. ''fl JjLS 

j »o >fl*v ^uJc, 4 ijjUi p LA&1I yi ^ 9 ^LlqH J 3 I | N 0 ^ Ao V^ 
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jjjo ^-va <<~i 4 j ■ ti i AjpftC ja 4 » i n LJI t jjjj LSL*_o JjLS (_5 jjl ■ n 4j l_l i - m i j 

^ J-.l l , il; ~l l jvtj Li. J .streptococcus infection jj^U 

(jc. 4_j_aJc ol -fcjl <■»! (ga (jS-aj ^"lO 4 . »i 5 l l »J (jf I J i i i jj I | ] « ^» J-A 

• P LjiAJ Ij p I i ft tsl I 

Ja3>j 5_uLuAs 4_ta.j ^1 Sja jj[jV 4jLa_ll ^“Yi n t yljjL' nl jLJul . NA^O iiau 

.4jA.JjLoa ajjLl 


ili 1 \.A ojlS ' p a - - Qjj »11 , Vj -^yll j -»■ ^_A Jj^LJI £-L° _ V» J Ajj-ill cliij 

,ja I Jj j j j ■ ....lujjlllj jj_iilL«juj(jjiJ I Jia J iVsi (_gj.al Q Ij -vt al I Ja i .l J j-y ^ Ijj I 
5c.jap, J_$a-oyII ^ga LLjjLpq ^j&aJ AJ-ail ,ja L)Sj jJ JjjLJI Jtio ^jl I 

I j ^ 1 oi nLjjjJ) p I' ~ . ..I JLill * -... ^ lr . Ganswindt o La. J»~p~ij <<_ , gy ^Jl 
* 

Lijal <J—ausJ <laL^ djl u Q *J ‘ " O c * J' Ac ~ O u&LlijJjjJ 


^)-i.* 1 C 1 d M rv < <LijLaJI pl^-Sk it I 1 J ~w *Li_u I ■» ‘ ‘ fj * 11 ■** Jj I J-i» 

< 5 j^Jaj <SUail r > plj^j c»CjJ <jL£ OAfi . 6^-1 Li IftT ^iC. L^j_L_u 

* <ulj| jjJc. ^jLx <x.j—u ^ui_t <U-*-e»Lj U>-i*n ...I 4 \ A^A 4 *... 

^ fi 

1 *J * t i < J^Sjll lj-4 . I nK Ijjj I Jjlxu J$-Sj jJb LjJ_kx Lo Jjl jjij 

.^_jj^JI <X-^uu .UlJU.^ jjj tr\ ->|1 p-Uil-vl I Jj^J JjLa 7> I .1*^ I J-0 < i IJ i t l < 

I i g rp 1 u^ V lj Q'-pajj j 1 1 jj-o J a *. a.p i , 4—1_11 ■ A ql I ^ i^jjLl I ^. * tUII ^_oj 

.^sjl ^ Ip J ft~ia~> ■*•■ ■->-« 

jJc 4jj_bil <L ^- oVUll Jyi 51,,,1-au olaj < W- X 4lpu ^ 

JjCj p L A a il jjujiLo (jc. O jJjj. I n~i 1 _uS < JJj Loj^j lillj -4 .K ^Jjlj-p-ll 

«4 j 1 il , . i m I I 4£.ja^il jLpaIuiI jAj <p I .A all olia^p 4 tf 1‘iL. >W I jl p aV I 

u^j 6 .Outside the Earth I ^jla- jlji*j ^-al r JLA Laa ■ *»^ <<gLlc. jllji 

.oVjIxII jc l4jjLAijjol^ai-ii.l 5 pIj 5 ^ _>-> O-i-iil p!_> 2J1 4jLjJaj Lfai 
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j ^ utii a o^jjj I pI a" aI jji^n <a jI oLiV^II 

^ JI^j ^ I—an -k ^jjI j i^ll ^Lau Robert Hutchings Goddard(1882-1945) 

^jLLo— u<a_u £ Ij^.I ^jp ij>J J <■<-> "t J-fl jli£ < ^ ^ N £ ^Lc .dJLb 1^11 d_i^j_o 

<s ^ 

^Jl Jj-usjll Li^la O 1 .^ L) J » l_ll l_^ J • <t\t \ *\ \ *\ d *1 < n ^^ 

<_ul^o] 4-Li <A Method of Reaching Extreme Altitudes olcLijjVI 

^J-oJLj d * *1 xAa ^Liill 

Lj-l^jj ^ <JLo_c1 |J j ■ ■ ~» jjJ] <jh 

d-Au-u LzJ I L'-wf f w** t ' 'it^ jj I j ^ I L^i f p L^J I 4 i‘a 1 4 Oifl-v <_fl j^jl-q 

4_J I J_jJ I J ; ^ I Jjflj . ' 1 Q V ~> 1 1 /% | ^ 4jflifl-v <t Q _U > £i_jj I j ‘ ^ P Lul 

— =JL (J ft t II ^_fl I Jj t \ ^ W 4 \ 1 11 4 t*N I t JjjjL-Jl ^r. Jn 1 t J-o-jLj ^aJI Ijfr I 

JaJUj ^iTi n fJL«JI *Xi Jjl t iJjI mil (j^'y > n < ^V(j 

.d_JjLS ^ jj 1 ^ ; J^LJI 

JjLwiI! JjJjILi (J.o * j I <Laujij^<a J^LJal * \ *VY*\ ^^ajjLc \ "\ 

4 J 6j^_ua .-<L>q til kidj Auburn, Massachusetts, ^jj-iLq 4jV_jj ^j^jI 
Ij-l-o N, Yo JtjJa jJbj .<_5^Ll=>_»l Jj-a ^jjl *s *\I ^LoI ^ \ ^Aj 

~ p • " 

4 i«l JLftiaVI d--a.\ ^-**■-*-*«» ^AJ1 jLLaV I d_i.ji t jLUl I* * ** a i^juu \ 0 
I_p_ojL£ *\o <d Lcj_ uj ^ ■-'Si j_L, , <Liil_Lil j *jj . child's jungle gym 

■ 4cl 1 nil 

(J® C“b 4^ f Li iia.j J^l Jyj 4cj J ^jjL-aJI 11* ,3^1 jJj 

.JjXLi ^ /"Ur o-il^ <»a ft I Jjl _^iT- ‘JjjS Jlj (JjS 

? Ill Hij-J olj^jjJI ,3-0 i_sVj 4_JL_tAj J «n -t t Jjl Jjljj_a. ^ t li~l J mIj 

LLjjL-a 3 IL 1 < \^X*\ <lui jj .Simithsonian Institution ^Lj^uuu 
^ JljLuiJI ^ya ^ lr.Ij ji^l <£j 11 1 1 I Jjj tj iiMitj i t iLi-uLa j I i **^J^ 3^ ■_;^ilJL i 




Ll <JU (J-o_a. jjl I j-A ji-iVlj - J^Vl 

.Sj^k.1 J O-fc 1 Jjl Jjlij -Cj U IjiJ I jJJ i-Till 
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6j—oL» La-o £ I 4 -A. jJ JJjlj-tA ^-j^ l i /v ll 

3ojIj ef6Jjj-a. oliJ <iiUj Sj^Lcj -O^Vl JJfS L^iV <JjLal 

6J-»j_2k j j -y ^ 4 -L 3 30 oijj L*£ -Jjtill lift lJ Jc Aj^uij «-2kjjj 

Jl 3^0J ^ dllUj Jaj-uj J^n. £AJ1 j 0* Uuflo IajLJI 

* * a»^" j^_aJLI l^al JjJ-uJI J$xJf ^ 'g h. jM j *gl tA ftll ^ 

.pLjoaII <xxjuLjjVI jj-^I1*JI ^-ilitfJI j_Aj 

^L_5 ^Ul .^Jbj < ^L*wju W ^*i a I . \ * S- fl iJasJ! 3 <j i "* 4j 

Daniel Guggenheim ^ i fl JLuIj jv-ur^JLI j-ial 15j ^JVillaYl ^±c <jljoiaj 

^LSf jJ_JLI Io-^-ij .jY^j 0 * * * Liijj_i j.'vi-a jjljj^ pLtacL ^ ^ Y*— 

.^Llu 3-oaJL j* Lilli 3° J*S J>-U <UJ)JlXo <LaJalo c_JjLa-J <Ja^»a 

iS ^j J>aj « 

I^LsjJ_j£ A0 0 jjJI (J^auj OLc^juu ^*fla ^j]I )j).mal 1 jIxj ^lloI < N ^T0 jalx. 

. i^j*Y, 0 ^ L&jj I o* Ijj 4 xL_JI 


^Jc *L 1 i.uLuul Ijlifll J-*_> la ifl I J li^Vl 3° ^i 1 -*-^ jjjla JJ3_$ 

L fl.-ifl (j^-i—twJLLulj-a |J^ Cu cJl J) »—C. * * * ■ ^Lflj 

lj_S_zfc.y I 5-flj-iJl SjjLJI 11 JI -JjJ-J La <AjjJft 4 > n^Vl ^-0 

<JuJL» 4 -Aj-xL jL^a. 4 -L_<-uI^j pLjjI 4-i_a*j-IiJ Lai Ik\ ( j_Aj| ^,i\.jur^ J_ij 

fjj ^u^.mll aI^jVI *1 -wii ^ j) L.^J i * l ij^'^j ^l^v d L. , r l j^j ^-jLiJi ^jLjlII d 1 -vj"!! 

.<LA j 'vj I lJ^u I Lo 


. I Ji. i . OQ LljjLua J - a-^j rjjLo jkl.U%*iinl <jjJ OjLS < I. .All vJJj Jju 

cr® J tf* jl ^j-aaI jjJj (JjVl ^j^L-cJI u L* <aJ Lo^ijcj 

O^ej ■ r Vl ^;jjU=JI Cj^ ^ill icj—JL) ^LijjVI ^y> a*^ojj ajjSj 

Ja.ljJ.1 JJ—*-oil liA Ij-a.1 jj-u al LLjjL^a jA. !«aVI Ji>a< ^jl 

' jlai-o <-L.j1I jy?\s (_j-lcl J XjuO-i jjl (j^of 
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-I n Q mi j < I Li.« la I ^Jh AJJ >u £oij I ^jV 

j-iC <Gxo «LlL-£>VI ^-*jIJ|«^ 11 

-^■Jjl j « ^l l I ^-ic ^LalJL ^\J1L\ 6?!jj T\ £. ^ic. Jjlj^^ 

# fi 

. L-oj*\"k LaC-J ^ flhj JjSLi 4 U i, t ii n 6jj uft \ J-oS_i Jjf Jjj=k jli jJLfl lJJj 

ojL£ j-5^5 oL- cj^jl T lJsI jjjjtJI (J-a£. <_uiui <JLL»JI I 

y jiJL*JI JxaJi jj .JLo^VI -OltljiLl Ja.1 bazooka <SjjLJI 
.^*n i n!> Lg-i ^ La ^nl I o^-1 L*J I ^j‘< ^j^Lj q-jj Iji «^11 

Hermann Julius oj-ijl 4 _J^-a .a. Lo^_ i a ^_a i^J_i_l_uJI I la ^ji j » a ai 

- LijLoj^j ULk ^ ft mi 1 ft i a jJj ^gjl i Mft i j-Aj 

JjL* lAAj .4->^-in ill Log-iL a. *1 Jj-o I ^Ij^jj ^.Lfl . i 

j5j -OlAflj 1 g \\\ £VjjLl*aII ^ tax^oTi 4 l*iiJO 5-^jj-lal blj^lSjJI ia.jJ ^Jc 

(JjO * Lufl if I ^JuLuall l^AC. *"■ N *\V £ <Ajjj ^_fl d ■ UJ I d ** Q a \ ^ lf_ La^_jJljj 

^ <_=k. jd-L=iVI t>'\ ...a oJL£ j_£j .The Rocket into Interplanetary Space * <j<H 

Q1 jLuIx <L»LgJili jjlVl ^LoHaI OvlI 

. LAXiil ^c. ^^111 <LoCilJaj .rocket societies 


ac» *Ua! 

^ If 1—g—ill J2—Lil ^ylLlI ^-A jaj </a %11 < ^yic. LuUl CuL$ <dilj JL-JLj 

^ German Rocket Society L^LlVl £jjl>^all o » n ^ ..>*^II 

^N^'WN^.'lJWMy Ley ^ ^JLj ^UVl ch-j^II c> u^J ' 

_ * * 

Jajj .4jLaIjJLI 4lsbjdS JIjj V Lo^oc. jJc ^jc. I^i([ iji LIj^ ji lu ^ill 

jjj ( \ *\A •— N A*\ o) Walter Robert Dornbergerjxi cj j*jj jlllj o_u dJj 

jlSj j..^JI jiLUl ^ Ijj jSj .(N'WV-N^NX) Wernher von Braun j* l jj* 

.Jjljj^. jxj tilljj |kl5 t> Jb* 
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(j-® isU ‘ ^ Lull] Adolf Hitler _^tiA ^<-±j~ a ) Lojjcj 

<Loj£aJI Jl^l Ijjh ,jLSj . A j a, AV I bf . ^ n"i a a L^^Luj £t-Jj l j) uni I 

£cjjl j • •*•>1 1 ■ "■ ! < 1 .-.laTi l , \ UV <jjjj .*(—ijllVl jijj l_y-i^»J I ol-~v>1 jjlc. ». u/ii*i j n 


(jJjj jl Jjj Lull] ^ Jji . JikiJI J^.L« ^ <Lilalo ( _ f Aj . 

OjSjJ ( _ f jJI £ljjI J'^ili i_jjUlj iL^aljy JjjljJ (Jli 1 o l u <^ 5Ld l jJlA 

.i_>_^JLi A <l« il I jijilll <-=».jl ^jJc. ^4$! 

jLJa JjJJj ,3 L1-iVj *LjLflj SjjUo jj^ioj jjj J-A-S jJLiiil [J i j — ljj 

* 

L_u |j £JjL^a ij-Aj <4.^ Tkj-o <Jb >L5v JJJj . ^ ^ 4 Vi.m ^ f-uVI jL^Ja 

jLu-o t"k i-Vt a i Loa LAjI i uft o.» V j Lg_OLla_>l . Ij % fl*t.o 

V j o^j <^.i \ r* t V —N r4 LiJ dl 6 J_A ^_lc. ^LlV I 1 lilj .a <> _ a a 

j L$_iV <vengeance weapon ^ULuVI ls _ 1 juj ,Vergeltund$waffen 
LuLil i^ljJ^JL-uVI £-i-oj-o OAjJI illlj ^ 

.oif^Ji <j£ ^ tJjLiili d* J?(jj 


• IjJ-o 0 , 0 Lfl-Jua-Lia. £j\j LsLuj-o 3 Ij < ljj_a V , V 0 ( V— ^ ) J j U (jLS[ 

‘ "f 1 • Ulj_* £_Luj < olj,-% j. 11.1 ^yA Lii-i ,J » tHj-J Id . ^ Qj ) 

: Oj O j I 4_cj_tu 3 * Jj| ^_Aj <ic(_ujl IjJLxjIjlS 0 A • icj_uuj 

. (L.j^icLJI r\u 

J» # 

^JjA9 o* ^“4^ <4-1d /tl, Ao 4_lLiuj V — \ ,j£j 

^ (jya^SVl J^Ul^l l^jJc jlS jjj .{£ y .,&1 Jaa^ ^ |J 

^ * • * Je- 4dje L* ‘VJ^l I ‘ ^ N V yO) .p l^jiw ^ ^>^0 

1 > fj? -U- 1 ^ ^ 4-e->° 4^1 U^J LuLLj^j (V—\) 

• l ^ > j^ I j l ji ( LsJLxll o^gJj i_fljl jill 

i£^ »4j wi*h 1 ,^-fl 6jj^iaj ^jji >* (v—v) 

•J^LlJI q^_u^SVIj jjijll ^ J«j ,jLS <jV eLAa S~..i ... 

• e d®*- 1 0 ^ d ^"- Cul^ 6 ) j y juall JjC.j 
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^ uj±J ‘ I^ iff < V-\ ^jjL-qJI I jjh ^1$ jij 

ill^aJill 4jSJ i^LJS _>iSl 6Ij-o jjLSj V— \ Jj jh I o Ij^fti a ,j£j • t*‘t- 

4-Cjjjj <Ll£.j_iai Jjj-flJ ^JjL^a Jj| vJJj ,jJcj <CiJ-*-daJI ^yA J, >^l 4 XiJ^41J 

SjL-eJU < U A-flJ.i 1 jl ol^jLLJI 4JajLuuuj 4 i i ts \t I » V 4 jI ^xJLi IAAj • ‘"‘J 

oj- ^jfL < < j ft l^JI j-u ? I Lfj jJ 4 ^Li.Vf 6jjh ^I ^ 1 jML.11 

-^-ajLo 

LuUaj^j ^Jc \i—X 4 ft>.\a IV * * jxli t N 1 j* ~ * ■■• "V Ljj 

Ci *Nj —a»j X 0 \ N oti tt j ^—flJj—fl N VV • I j ia Cuj- ■/i f K » ^ l.j *11 

.iL^i oA“\<\ 


<jil£ 4 x.^j-uj 


a *v i ... 7 | s .\ a ( 


jJLsJI Jfl"w j'»^- 
. <Loj^J I ^-lLI -kTi I j U-^* 


*1 "wl i ill ^ jI j) > s >l I <L-i M cJbI * 1 a j- j *‘Hj) ij-oV Ij Jj_9_uUajjjJI JjJl 

< dJj ^>1 i i n l A^.1^ 4 _iL(Jj ^LtVI ^a. J-£j ^Jc. wjIsljJI lj)» i Ja!i* 4U ^4 \_t^ 

jj^Jaj ^Jc. f ^LojJbl j-l-fl ^Jc. «*JiVl 

. f * 

V J-i Q liJri ftj LljUJ 4 " I n. AI ^aJ| Lc/jJft j -« <V I ^-^LuJI ^-Aj <4 _i^a1I 4 I t"«flll 


I 4 j-aj[jU^II i^UVI J-ojvj Cuix i ^jljjVI A^Jil ^ 4 Q <j_±ialLij .jt_ijl 

.(nuclear warheads) ^jj^i Luijju T—V iUj.a 6 j^x^j 


Lj-o ■HtJill ^ya ^(| nj La t^.nll (jjLtVl Im“uuI LoiiiCj 

fi 

^^ ln » *i in ft Lj_C ^LaJiVL j— =wj— . (jLWI <rf*kll t lj » 

^J| <LsLuaVL .(J i/^iftl ^ ^-fl ^jL^-ijuij I ,n^ il Ij^jliC.1 
^jl, > n a V—V Ciljj^fc ja 4 .lie. J[^_u<=u^JI La ^j-Lt *~ < * 

• V - Y J)-a oLvll ^ fl%. J.^11 ^JjILujIj .^Jijl^i^]l 

o^iS^Vl j-LLl t L-ojUll u"mJ f^ya oJLill olj) W.nll ^jii AJkll 
i «iAftj-u frl tA,i ill JLa^II >—)jl %■> 4 aU‘ tft f^—° V—X J^_a L^jjl - ^ V * 
L>* j xJi*sll t(>J iJI La j.,,* j ^ Ijjh y^AjLil a_ij . White Sands Proving Ground 
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fOLuLuJ JJU 4 j. i Aj J -SjO-lSJI £Ujlj-^aJf £-0 ^UIajJI 

(.<CLa^V <J-fll?£Jf jLbjJI ( 5 j-J 3 ***^ LjjLll 


-kj \ a a <^LJI Ciflj o LoI J__iJi_i_uI V—V l^g. CuL^ <Lil_g^ £_joj 

OL»V_jl I ■"■Si L.| i \ *\ £ ^ <tij_u VI i£J) ■"*>! 1 «.—I i—fl I — l m^j i. n I L^J—oI J\ t uI 

I <LixxJ I * Cj Y *■ "Y £ LL»jV V— V £\$-* ^j-o 1 6 il, I 

* 

<Lc.Lfljjl £_L J_aj t V—'Y Jjj-fl j i *-j-ra — *-o J—Aj * < 2g "tl j v ^o lj L kqj LoO 

. vIIj j J * A J) ^ ^ 1 • * 

J^LiH JjLS ^j-ll > Q ^..J| . .^C iV I 4 fl I U ^Jj lj^[<L ju.ti I If Jjl I dJiJ 

* * 

<Llxqj (= LJxflJI ^_fl ^1 i n~i I ^ n~»j i « M A. IA. a L^j 
6 1 *\ *il I CjLiV^J) ^jl j ■■> f. * N ^ 0 Y 4 li n ^"i, •% ^ *» lau V—Y ^-ijlJ <o CliU 

LF^ f 3^1 Q~> i 'olj nJ-ua-Slj jJ^I ^-ijIj_jJa ^ ~i i < nil JLr^~iVIj 

.jioll jUaj jlxo 


J-5-® ‘(_$j « . J l jSa!I jjj-aJI Pj^iJLj jloa ^.t i<1-^1 j^Lkj jjii fJj 

<uiti (jji I_ij_ii Lo .lio ijj-Ss iijjaJi 4j| ^Jc <■ 1't.^.ll J y'Sl I ^jC. 4 M.ii Jjj_y_u ■ "■ I —~ 

-(jjJjJI JLfiJI <.,^5 Jj] The Brick Moon <uLi£ ^ Jjj <oi>* 

^ ■ " * ' o " I f - J j a"n ^clLt^aJI j n all ^*\,..ajlj i ...~ 

. ^ ^YT 4 omi 

Jl * i^fc »tt <^lsLo <jlj^J <(_u(^al i i y "*■ t j J |jJ ^ j n ^ 

.pLsixll ^ Sjf^Vl blA l^j ^jlll jLuajVl a^ij J-^ 

Uj 4.,^ -v.l t I &j ^ I SjLaJLcu! < LLo] Ua^jJb ^*i CjUjILJI OjLSj 

i cJL?^ 1 ^^ t>u J <Oj_*Jf dul^ 4j(_2k. • I fl** ■ 'i^ \j 

.j^LLVI ^Jc jjju jJi (o^iVI) 4x.jj_u 

J > i <31 ‘■ ^ 0 a < pl- 1 ^1 i ll V—si,/7.^1 . ,il w-^~.. 4 j] till j Jjj, 

J I^J I ^ ^y-lc. (J- ft * .4 C i _i"\» Lo J L^a^jV I I (3Lo ^Jc ^ r ^j 1 ^ I 


7<Si 




^IjLut dL.i.lji jLl^jVI d i. AjV I d L-yl I Jtfli.,.1 i *li. \ ^ If j - 4 11 

.Telemetering jju o* 4 ^LiaII La Ixaj < L^_i oj^I 6 

Vn i.l J_l5 {J lsx J JU jj—Q ^yul I flll oVjl Cul£j 

CiljLu JJLi ^ya ^Lill jj-lc ■_*jL^"ill jfcHj c N AVV <Luu 

* 

^yA A fl a pIj-^VI l*J-^ -JLJLLl-uVI <Ja£k_x ^J| Jj^JLJI ^ya ^ * ciL-u 

f t 

* J* i ^_yA ^ju UII f^yu LuV f j 15k 4j^J * «L>laJtl I 111 I 

.Pyort A. Molchanov I ja ^JLx. r o «***■" 

b^Li pUj! -U^ILJ* (j-lt <J>A^-a 6 ^ oLajuu J_*j ^>o 

pi a .1*11 >-9jC.J < Sj.i.i!^ J* l ^LUI J-flA <pLl^xJI JLa^ll V—X v_J^LaJ 

•OLcLfljjVI <JS jAn «UjjcL/\ 11 JjlfJ L» i(j-^ 

<<lLs*^-o ^ ijjil <LxjLj)jLj-o olx^i na < N*\oX <1 uj dllj ^jlj 

. Ijl i ,s > oil£ jjj (jli. jlio ,ji Sj4^Vl ,_>Aaj J-wij LJ-S <j1 

International 4 it i*ii ti i^11 4>mll Juioull jlS <qII 

ImJI (jjj .N^oA Y\ C# JI N^oV jJjj \ ^ i^laJI ^ Geophysical Year 

JAj 4_lX^>jVI Sj^JI (jQji 111 ~V 4_uJjjJ Ij 11^ LlljJ I Jjfl ft pljtt.ll II lg_l£ (J J-» 
pLAflll ) jk ^yC .Ii i/•> jjUI ^ <rtj i_ulu11LI Jj- 0 jLi S.1 nJitl CjLiV_ jJI ^yi j^jlui clllA 

q_) i j~» fll a ] q —ioi ^jajVl 4—mljj ^ ^ idlj ^oj ■ Qj i flll t±iti *v 

*?Lfl_^a- |j. i ii^ J^La. ^jjo Omjj jJ Loa 

^ ll*i |Jj < ^tLittjO _j-a^ ^jalj^jj ^LlaII ^jC. <juLa tt ^*1 i.xflj ‘ ..II jLaliVI Jjicl 

4jjQ aj^fl jjj-J^J^Vl ^jaI Cul^ 4-jV*jjAJI IJJh ^Jc. 4 inJ>I <j| 5.< ~k~J.I ola^f^11 
Lu&il j (LaLal I j^jJIj) 4 la^jlji^'itl 4 i-vl ill jjjo |JLJi 6jlS JeuU Ij.i nil 

6JJlj) S_^Lill ^jJc. La jji 4-ia.^lji^"ill 4t->l'ill 1 4 ,Lt>~i « | jju uq j I i il.till q ' i~i».i 

. { y\c. <jiii-v Aj^aII 
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. Ujlfkj 63 JL 1 I^IajC.^ 1 I 3tll & J-0-1 Cj lJ -flj < ni l 

-4j la*. ^>JJ pJ 3 Jjt^ll (J^ftil £j\f£jJ-a Q l^l AyjaJI ^jlf^ «lilj ^Jj ^flLi^yLl 

£_i^j ■“■» *flj < mII * fl~* lj t \ *\ 0 V jxaJlljm N V ^ 1 n J^lijL«fci ^J^jo 4jj-i«o Cjp La*j 

■tl>^°V l foe* 1 ^ ‘ro*^ 

^ 1 "sJI £JBj ullljl 4 ^ uuj i Oli^-oVl flj jjj ^JS Cj j mi l J-a£-j 

jlaJiVI I j p Laid I ^Jc LojjhC. iJt^LLa 

<»{|.Ljj t jlj—o Loj^a* (<^A\ ^jJZ (-J.JJ \"\ oaj) \\o\ f-jljll ^ £-*^j 

. jujtlll >*5 J^l Jllsl 

(jJI Jj-oa 4 -jJc. jILl La_$ < Sputnik \ ( \ 4 * I 11JJ) 1 III j ^gjl to 1 Jl jljil JjLSfcJ 

(perigee ^ 1 ^u| ^jVl ^J&uj d 4 i-ii i ujAt^ < ljj«a jL£ tT * ^Lij^jl 
A£ Jjj-j 0^5 '(spogee jcia-uJI j^a ^ ^ Uai ^ Ift^ I^La^ii^ *\£. * 

• Lolj^x 
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i . I ^ I juLi < 4_u j LJI JI * jiilj ■*•■**■ *» Lo ‘ ■ ■■••* ]a jiui : j&J I Lji i <ij I j 

f * »-J I jjLi -tjlj |i «n ^ ^yic, ajJL ) ■> ■ .». rw _JJJJ Lojlc. 4 jI (jolj :Ja_flJI Jjj JjlaJI (^) 

jljiil LfjjLjuj J-a-lj j»j5'i I N » Jaa. ,j-lt ^jVl ijj/l fij a>i JjVl p - ma JI ^jJc £.jjJj _>j>j 

. Lo.jKl <a n~k ^iJhf_}jl . J (■ Lj>&11 ^_-> i n .ftL^V I ( jA 1 j *h^LL»j 

cjIjLJI ^jHc. iwAj^n ^^jc, j^a i» ^^x>M' ( r ) 

<io Jifrfl-Si ~ill i _^ l_)-j-flI _j-Aj ' ~ I ■ ■■ "wVl AJjUa aj-fl JIju^l :4_u3Lall jL^jb 

9 

y j I . 1 l»»j ai 

^jm^-oLS .ja] jvja ^ujLa o^UVl jkja L^j ^»k* m i ^jII Lujll ifcj-i JI O^UVI 4xj4A |c j 

. \^AA jLui <j]^o . I .^.1 > .1 ■ Aallj .*Llflll 
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£ju«lui n 


f\ .A a II |ju>.t > 


^jVl AjC'HuaJI jUSVl 


satellite j-ai Jjl oa11—»I <]jjll ^_uJ <ij-*-a I 'm j j *i <£-u>jl jv^iaj 

jj* |k^i La JS .(jCu&Jj^aVl (jUjLSJI C.-fliti7\l ^lll J^Jjll ^Jjl iijJta 1 1« 0 J Laj 
I J » * •« ■ ■■'■" ^^ 2 *.I jl 4ijJ I 0*1 lt*\ SjLj (jjLS .J^iVI ^ 1 iiii i Lyti til i La 
J 5 K jJL*JI ,'j ft~i I 111 jl .JLjUl (_£jll ^jJc. I j ‘ij j. m'i j I (j j l r <_.i U “i ll Lt^of 

• 6jLjJI JjjLa. J^afc jJaill i_i_)j-£aj JLjjJLJI ^oil 

jj| i.ij I jLaJiU Cj-o^-iJI CiJacI La.' ir SjjlxS <jl ^ a I S J fl> jI I C>LV_jJ I Oj» im 

(jAjuj 4-fljLi. OjL^j <Llj_JI (JLaJll I JJ> i j ilf. ( jj i *ii ^^1 (jjjLjJI) 

LiX.Lwa lj_a_a Jjli-ii l ^yo Jjl Ijg^-kAa ■*•■ » ‘L^.ljuJI ^jja VI ^jV < I n-iil 

.jJUil ^Jc. ajLi...ll J~f I L~...I < La 4AjjJaj 

Cijirti jJ j^SLj-aV I 1 Jail I <t iila. JjjjaJI l.tjl jjlfJ jii <lllj 

L~i ^jJc. (ja L tt M Oj-^o wLa ' iLut i Vl Li J*ll SjLj} J_^lj ^juli L y- i \ m V i 

o^S^i iy* oljVjjtl y^*>L 

J(jfc ja j ti ll ‘Ui-jl ijxa. L yj uiU. j-a i_ifl^ll Ijjb ^Jc, oljVjjil 6 J 4 J 

.JlaJLI I ji i^-ijucI&u , >jl j q > 11 La ^yuul ^laaj j ■ ■ ■■* #•. I .Aall 

If® Jtaa^l I na il JUkflll (jJc 1 3 ^®I (£<iH <Sputnik liLi'ijtiii » IL.^tlj 

,’n aSa yoVl <La J Lj m l Jj-c Sjlilj i^JL*JI Icjjj j = t < CVI — IL.^11 Sjjaj 6^ai 


787 



Cj LiJ I I I J_A jj jJ#j . ^C. I i n">l I j_o_aI I ^ Lc. ^J5fc.iTii w IL..^ a K 

j±r. 61<J La>.lkxAa jLS ^aJIj < fellow-traveler "gjLill jJLJll" ^ H a> <6J_aJiil 

^>oA llnirf-at ^ L^Vl ILfl < 4 illj £_aj .<LiC-j iinll ^jlaJtl I jLuJI 

<l±iH 4 1 II jJ i A^-J} I JA^XU ,f ^Lfl_LLo ~»- ■ ?■ ^_A !»*>■* 

V] J-A Lo ilLuj^i i ii * ^cJJaj-o-a-fl jl "^1 *j .£jLJI j al ■■■! I < Li_flj^. *j «"• « 

.^yfcl wa ll joiil ^yic. J>Uaa 

* N \ 0 V jXoA^j Jj-o cJlllI ^-fl-fl f I \ tiTi (J-JLflj ^jl jS.aj L^l ( N *‘ '•) 1 " ‘Jfl k*fj 

A^-o A Inf jS. a j Lo ^"i i t nil jl^iVI o-A^J «JjVl Jj-o j (| i?i Jju 

0 \ . ^L-^o j-ol ^Aj < U**Jy I tJl^ (^cL^^-m) £-^j J-ii 

j-a_fl <jL£ Jfl Q I ll t «_i K Jo^J Cn ■■k i 4„a...i ijI J^o ^_o_flll ^ 

<jl jS. A J Lo Lt^J Ij 1 1 *S LjoJj Ljj 1 "fc jjl Jt_i_Ojfj . I ,\,7k LUIS <ilfjj (J- 0 _=h-J ^jg.lLua 

.^^LtaVI 4 a1o£> ijjlklI oLljLulJI J-ciTiJtJ 

«^jLuj^ ^ja jj-lc. ^<Afu ^Sjj-oVI *Llc 1 n^lI jLojiVI ^joLjj (jLS pljjVl cltj 

Ja'V l ^y£.Lli-0 j-ofi Jjl 6. w"it I oWjl I oilLl < \ ^0 A jjlli f*ya ij ^jLJI 
tillj I ^t_ijI o lj^)jLo ^Jaj *(Explorer I j^.1^ jj>j ^* * **^j) 

J—6 I iZ»\Mjl\ < -lllkl ££jll ti/ill J n flll 0—A^)l 

. Lol^ i' 

j^L-fl «GI Vj J-^Jj Jjj li J ( Ij-A J-O 

*■ 

4j^ajLull oLixuail ljLuli^I 4j^oj JI J_c 4 jLb jL^ jJJ ^oJc lJLoI^L 

a 1a *,i,fiVsl j-ij highenergy electrically charged particles. <ilkll <_JLaJI Luj 4 ^ 
oL^uljjJI o^k * jll J j . IA \o I ■ "i a ^jL£ 1 o ^ a j it^ jljr.l ■> ol a \ m ^11 

.JLa aj^a^-a oL&ajju^II a 1 a aurorae ^Jlo ^Al^laJ ^L. .Jl 

jojV I ^rlnui J^-o 4AJEt^la Lj_^5 ^Ja.1 j i n lxn^l) J>& ^jLautl jljllj 

jAiljj I >l«ll cilx.ljjjl/1 jkj .^kVI <i^la Vo • • ^LiUjI ^Jl Ll£^«j 

.JiilL jAuall jjJI Lajjc lU.^ ol ftim^ll jj£ 


188 



l yi 6j-a_lil 0I1V5JI laJUl (^jll « (V jjji i .■ ^ '^1 Ij-A 

jjSjj c 5 > V£ • • ^Lajjl ^j-o-Sl £—L_j « ^ ^ oA t _yt jLa ) jjj i f j * Hj k jujL± i JI 

. \ \ oA ^iL. N o 4iit»! ^.ill (V <*1 iii3^-^) iulj <■<nil 

James Alfred Van Allen i^Jl jli j^_ i)1 o“ A -± ~> (J jLy > _j_L!l iiLij 

fi 

3I ^jfl ^cLu-JI Jj-o Ij-A 3^ V j mu 3^ \ ^ ^ ^ £) 

3I ^5-Aj I ^Jb jjn^ill jjUj ja 1I1 jJLfi << 1 iifl-y 5 j_aLIq ^j itj V pi m m -%11 JJX- 

^£jILuu-a ^]l r^LijjV I J-fl jljjJ Luj^ <j££haAiil ^JbUoJI ‘LJIx. CjI o.lm rhll 

3-*-ll 3 1 jJ La^£ Qj-fl k J .A A . Lg-J-&ulaj p I jl ^jC, 1 In. ^ \ jj <C>I jl J *1 I j-oJlj 

£ U" i nJ ^-t L^j| p ji All Ci i rtf ji ^6 JUb LSlLa. ^A Ciljl*l*JI^ <Li^Ju_J I 

. 6*X*I^JI Lg-i^O^ i— 11 4-i u ^iLVI |jJc Lu.iJu jl jJj t Lt.lAAi *vi.n i ^jl 

4_*uaLk. oljlj-c. c * N ^ o A Y*\ ^a ( £ JJ3 1 . 1 - 1 u ^jj I o.Vif. 

JLill |J j i «x» ^_Lc <^CjIjI J-sJlJ AaI *_j v l»j . A \S iti II p^-<-cJI £_x> ^J-oLjljJJ ■"»*- * ■ ^ 

^3 ^J* -^I <LLo "\l ^A Atin ^yliJI c Ijj i nil .-iljl-U .11 <ULt-o^JI ^ya 4 jlj_Aj <JLlIoj 
4 . t* r% IjJb J-Aj * <j(—iiVl ^ h* n jl A>j 1 ^ \ a ^liJI^ 

^U3jl ^ 1(1 jj>L-4-u£J) oL-oj t5 • "too-much'radiation" "lo_=w juoJJI ^LjL-iiVI" 
.p I a UJ I Iaa Ijjj$ < 5 LLJI * ^p-o YY * * 

ch* ^ <i 5 Llall ^ylLt ^ L * .***^ 1 , 3 -a <—oj-^l L^j U^v ■v** ^AjV I 31 ^ ■ A 11 wLjbj 

U JLaJJ (5>fi -k3-^ lJvaJJ I 3^ Ja-qVI oLlIj o L a j 

3 L -4 . « jjj jO-^ ^—a-jiVl 6J—A ^ ■ i - ft. »UJ ^cJJa-ual 4 4_iLl__JI 

I 4 " a ^ ii u g-ll w^ l 4 jL^jJI cVan Allen radiation betts"djJl 
• t -6 3 > ^iU I u_i^L»JI) magnetosphere ..inlal'iAll 

La^a aj ^ j,tl otfV^ll Cfc S I U l jj^Ii ^i^j) <3^*11>° Sj^Li jjuj 

N^oA^jl—o NY ^ < vanguard I (jlaIj j^> -xIa) ^LLuJI 

SaaJUl oLiVyi 3J JL*a jli Lju-qj-o <Ja^ Lm < Lo !j >jIX \ y £ 3^. V 

Ajlj-A 4 —<-uljJ <4 a J A 6.' ^ "Jl * <cllj .<JL 2^1 O-fl-Ual 
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^yjLjj_l-a]l ^ 11 -I~I I III <cf JLill £-A^JI ^jC. <1 a « aUtl oL#l_)-=»_iV I <Ii=OLc.j i<i l <IJ 1^11 

.-i.t.Tsj (-N'Wl) John Aloysius O'Keefe juji 

L’lA jjjj . I jt Ui <i 6 JjJC. eljj.1 »fl <1 11 \ 1 "w 11 SjjJu ^_fl 4 li ili Q lj i i*i 

jjl >_>a. 1 JjlS U loll /C q I ij^itill JjC 4ftl fll*> Ifl i n8i I jl 

,jl 6 J-*-j Of La. I ‘Licl'ii^-ill jLafiVlj ^ I.^Vx »V ,jl5j .<LiJc 

O-il^ 4-AjjJaj ,Jil jl jyi-a Ujj (jojiU ^Q \Jfci till lj) fl 1 7| V\i Jj j el nUII jjJ-Ajo 

.Lao^j i U. ..II oLunLiill jc << »♦ ■ ^ jl 4 liVimo 


oljLiil J-lu u'*-'* - <-5LLJI Jjjo j A . jl a -a ^Jl (A-=h.lj ^LLaJ 


^Jx ^wll .4 ft,! i 6 jIuLq A >r>jj I aAj^jJU 4 » ^ Uaa.ll pi U-% 11 

k*" SaLo JjdO 4_&j_flo» oLi-kia ^Jb<SOlcir cells v ^ 4 i < »ift itJ I U>LJI 4jillall aA-A 

Afij .(juAolJI I AaX ^jjl^ll ij*js± L-ni. Vll ^a^*j Ajji in 4_u^£ CjIjLj 

.^Lbojsil 4_>.iiixniJI Li^UJJ jkli^LLul Jjl Ijjh jl^ 

\YT • ^jJI ^ X .rlnlj I <ii) CmL£ A fl fl »*Lc.j i in A.liAi ^ olj^Ja* Qj -fl Iraj 

* * « * 

I a fc ^ IJ AX. J n "fc i ^x .1 nr> j ft Jjl i irt J ^L-j-u-iVI ^j-o jJlA ^Jx Lol^Xhj Ij*\ 

. jLuOjVl £y* AiAsJl Ij-^-| ^ya 4 /S-cu 

£_uj^lll oLalj^l^I jJ^jA_j * .^1 ^4jj tu Jl jl h"i.il ^kjLi ^aJ 
j * ^11 *-y ~11 oLiVjl! ^ 11^i < ^oA ft mij \ A ( yLi .^piall ^ ajAjJI 
oja^ll J* ^itl o^jLuiyi JL^jjj 4 j^aI ^jJ! <(Scor&) jj^ui 


."tfliUl t ^ • Qit Ui i> f I N Y 4 -4 -iIa-JI 4 Ini i Aj ^ ft SCOf© ^ 

j * A jau ^aII <Ectio I j 6J % ill CjLjV^J l 

ojjxII ^J&u jJ ^jJlj < I 6j_aj ciljLdJuVI relay SIai^ 

6A^j 1I .-.ftlLl t N MY j} Jj* N • .aij jjlij . I <r>>l duill Jixi IajIj 

jti 4 _j^J relay jj . ^ a j—^ull ^Tolstar 1 | ,\ %lj jLl-uJj^ 

. Lxul amplifier 
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.true communications satellite I-JLi* oVLajI j-aS Jj] (d^lj jllmli) jlS 

OJJ-*->J L4JJ.A5 OJlj|j jLo-fl^l 6 J-A JJ£. JIJ) < jLii ul*i J}LW C-Ulflf-1 I ol^JI 

6JJb - I j-K ivuijH 6jSJf il*i!l (JU-uj^l ^fu/^l ^’isw L^jL oI J^LuuI 

jL$\ L^lq I Jjlu V iflU^ *Llj£^ 6 J-^lj 6 J_=^j jVI Q-yja/M • jLqjVI 

<i \ i i JLto*** <j |j JL-ujI c«l pLtuL ^_ituJI ^L5 Lo Ijl < < LuLaJI jjSLj 

jtjill 6jS oLjLo j£j ( yA I A J-A Li-tu Lo I JJfcj! f JjjQ J) «l*"^ « ' »l ** 

. ^^jX.1 .u^ail ^-oa! I JjjjJa yc. <LgL^jJ I 


&J^0 JjV ^ l 7i I 11 ^ 11m III ‘ <=■ I ' oH u i nlxo £-£j_0 ^j-Tl .0 <t*il.j ^ 1 f bj^Lcj 

LAjjj I Jj-all jLa. jjjj *jaJ\ i-iSjS (^1 J!Lo LaSjS oilS ^jl LaS j^l Ijj_UlIj 


Jjl u^J ' ( ^ Jj > > fl ) * \*o\ jjlj^fl W bJu^JLlI oLVjl) qaLLi .^jL^JI (jj* 
i jj I f -1 ft m ^ Uxi tfUI i. t'^ i. u lI pUaC 1 yc. Jl**u] SjJ aJI <J ^c. Lu-i=> jaA 

oLjVjII o il l i \^o*\ ti t nf i jj-o £jLuulf ihlf l^ Iii-| t iii ^j\ (jSoj 

(j^jVl JjC I JLJ-tO J-‘-"Ji (_y x - 1 - 11 _>*i J[$l "^ j) £., 1 *V ~1 I 


jAj -Transit IB o■ » i * I jj) *J-a_iil oL^fjJI oi 11—■ t < \ 

JslSjll .,jAjVl L$-1>J (jiajVl JjC SjjSio JJ-M3 JaLftllV ^ y ja (J £. l-'i ■ /i j^5 J[jl 
ijjlii ^j-ajVl ^yJc. P L a L » J I (^aJ ^ . <~ 1 1J «<t~n 6 _^!l 4 JljJa 5 n ■ TT • • • 

t-S^LiJI <LujIjJ jjlc. JJ-aoJI 6jjk ^ d~lJf .LmJ -Sj vi ~ll ■ ■■■!! pLkc JjC. <_IjL 

^ — ,JU -U J (J® jaj — a — l_au_) ^Ll*^ J— a — £ Jjl (51 Ct J ‘ i'l ltjl—^ J—flj .^gj—jaJI 

. "weather satellite" l _>»skJI 


i X 1 * . 1 j] «4Jj5aJI jjc. JLac-Vl LI L JjjlJI <(>^JI <JJj 

6JXa ojl^ ‘<_>*=*I ^ k.-! ^^Jc. *L )J» I /~ 1 oL L-v a tg jIf . J[j j -^-k ll yitu ^yll I ^jjLSlfl 

jjJt ‘ “ J V jjj l fl~i ll 6 j-& Culi J-Sj . (J j i <*> fl~i I Lj <LlLJLI ^..oLII J|J -v I Jjt 

. oljlill ,^0 6jjjS poUsuaJLI ^-ja-> ^j-aLII Jl^^l 

c6j " * - -il I C i a.~i jVl JS i inl i l.ir I .-^ a \ ^"\ • <1’|I.. <j| ,i jj 

<j| dlj (j-k. JJJIj .Ojjiii oljkij weather forecasting <j^JI jLojVI fJc 
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■ 1 nhjj <Jjl jl j J * *-ol rVI jJLtl II ^-O-jQ flj-xJl c>^ 1 4-li.U JjJ 

tjl j I I jJjlilJI J^La. ^ya jk-^Jll CjjI^ <>l ^Jj jl <j«_»J^A-sJI l^* A jjs 


jJ^-o i-fljX^o ^vj i \ ^*\ • A\a.ij .U ij . Ulj^L I -^1 cT\ oliu^aU bjjL*JI ■ »H ^ya 
jUajI iiillj] A -ytX\j t <j&a JS bJ-A JS j4m bL^jlj 

J^l J-iHlI I JJh j u tjjj . jLJ I ^ya < n% iA ."iKI"** 4 _iLo^j j .T.tll bj-iAX. jl Jc .1 

^Jc <#1 *aaII gJftUjJ ^.l,^-h~i. ■■! A ^ >u 4 jj i Mill O^Al jj 6Jj*1aII ^.nltll 42 wj| 

* jl^Ubl 4 jLj A^a^OJJ ^ya ^^uljll ^y& *10*11 <JjJk m £ya ^X.^11 


jAj <TIros I p 5 >L'\.jII o^Vjll o&JJal c^V Jj^jI JjVl 

^y» jLojaI aHaaIj navigation aid. 1 j^aVl ajcI.hJLI j^cLl^ j^S 

j-a-ftll £Jfl_£-o ‘jl—G-fiVl 6J-A i flJLt*i I CiljL^yi Jl iSH.itjl ^Laij * ■" ^ £jill 

<a*LJI i jjJ (jdjVI q-Uxjlj IgJLfljjB JJ-=kJ J)l ^ ilVi«nl < OAj ^1 ^-A iJ lq^ All 

bJ^-rkdO <‘ijflm <Li| ^ itii i inj a,l ilb ^Laj-JI Cjj(£ jl u^ , ‘*aJ (_^l -Imj ^J| 

*iAj . ^-lAIJlIa oLSjVI ^ ift*v ^ <LA^X-o ^yfclnrfill ^joaJI cJjLiil JLiAj^iV 

LfriJLc J i * iu 4-Jlc, A a b joj^U iajIjA ^Jc jLaaVI aJJb OJ^Lu^ 

-JjS Jj-o 

<4jj$jjuf. 4-od^J CjIjIxo LAil 4-icl*iirfill jUaVI ^j-0 J-itlftJI OA-iial^ 

LftLajI Ijj 11 a j,! ,>> ijJc-j oL5kj-^i jl oljlajjl > iitt.’K'il jl 

jl—ft^i ^ ljji_a.l VjJi .jJjjJI Jj^lj-C.1 j>.J *>J 6jl I ~l r I <j| VI < ^gjCm f < I — 

jLa^iVI jl &j->~it I oLV^Jl ^Jc. ^ya jjlil spy satellites jMmVJI 

( _ f k ^jJiJVl Jji; jl reemptive nuclear strike <~irl n> a_au jl 

■oLjuttll ajjb JLu&l jj JJ2jlf jimi\ ill jloll jj^ia JcL^j .ibJaj Laj oljj 


JJj ' I ■ Aatl ^ tjLu 4-vli i;l jLwj Jjljhla dtjjl liaaji r^juJj 

Ij^jj Jl ^-1 Ji Jail Jjjt i ii <jS[l iJaVl 6jJ ml OjSuu£ Sjji jiV ijJJ I j-A 


. JjjlJI (_^jil { jic. ,JS$ L^uiill ijLaaJI flii (jVl 4 jjJ^ ,'»i*h■■!I ji 
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jta* o«Ij 


6 Jill <-ix.l i.<a J La-51 L$-» j».j5j (jl jiaJ SJjJc VLox.1 JjI ^j- 0 fut_>JI (jic. 

jlfi < Jju Ij I ■ ^-j II -wtI 6Sj.fl ^.1 J-a^J (5jj *v n ^1 ([ n i ^kl li I I j-lLjJI 

j ■ * «11 4_| j| j^Aj LaC 1$L*u jiu jl |> * %> J lUftjl I ^Luj^I J JJb 

^-LAqII j^ oLjJaIL 6 j^2fcl jjl j)-0 V Jj pl.i. rfk fljl jjfli n i . nfl * Lj 

J&aYL jjl LlK <lxLa ^j-lc 1 jjLS ^jJI (Y ^Ijm j wm ) ^jcLii-^JI j-fl-tal 

(JLiJh j^t «lilj £-oj .^JLi ■ «l ‘ -** * j)l jjjJ A —i—a. CjLIjI— 5 k J A "k 

-gI *Aafl pLajJ! ftljlxa 4ouxJ J-oC jL << *>*■■■« jkj JAj i jLaJI Jlj 6jbuujV 

la a .jLu^all I jjb g^j-f.TjJ Li QiifljjjJ I jkU < N *\1 ♦ ^jn U.i.iif. I N ^ 

^Jl (Jjlmjj ^jcl 1 no j-a-fl jk^ jjLSj *Liia 1 , "l jjjj '(0 .‘l/iiji **») (filial 

I a..u -*• I .a .* 1 . 4.111 ^aJj ijjl^Jufl 4 » fl J-flJ -(jA-aJl illlj tLukflJI 

• ^Lkll ^ «l j *11 

.Ckflj <JL it a— jjLoLi <£j^Cj £jLk jl J-o jjLuajI ^1.^5 </li u a COnUaIj 

< jjllkl iuiAa. jjjj dut^ I <(N <*l mi nj&) jjojj^J! ^^ JjjjI N Y 

Yurt Alekseyevich Gagarin jj* < LLui^j I 0 Vi a iS i*. cJa_&.j 

<ulc jlU J5j) .pLAill ^Jl Jjl j^Ij .(N VIA-N VT£) 

. (cosmonaut I 4ik. I_£j)ilal j^i <e 1 i^kfl Jaj 

IJ>lw ^LiC jK Jii ULLuq jUj jajVl Jpi ij^lj jjjL^Ui ujUa 

jjiiaj * jjAjVl Jjo. IjiUa (j-a Jjl fJI jut <LuUaII JLa.j jli -J*Jllj l*j1j 
Jly <jVlj ■ Lajy \ • At 0-4ji*i nil jjll < \ oVV !*■■■ <ia.jll I^La^l |j1 JJb »la&1 
j* ) * 1 mi jVI Jja. 11a.j J^j JjI jLiuVI ^IJLu^l util^ Ouji 

.JiIaj N • A 

•,_>Ajl I lj l _jJ-J Lbjj \ • At ^Jj^LatLo ^u£ <_uLul I • -.I jil 

! ijjs \ tt of ,jAjVl u* o^jL^Ia ) «-»,t-i'i 1 ..j 1 ^ inii Sail 6 ja 
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«nl l ^jA £jl^ll «jl ^ I *■- Jat JjLS JJLfl «lllj 

jlj-J (j-« ytLl*a j-aJ ^ a. L a. t fljj -» »M 

<i_jS*^SkJI J_y "fc 4 j^JL 5 ^ *J tjf aII jIaj (^jJI j-uVI Jj^kJI ,^5-A 

■ t jJjLa.La ^Jftia. Lo-o Jjuadl jla-J 1 I jjj ^ju*JI ^j-o AJjLfl Jja^U Vj 

i i a A i f . <1 fl jl < rtl l i > fl "kl % jlj tin jl CujI 

Gherman ljj i i > ^Lojia I j*** * ^1_cj * ^ulaxaci *\ | Y<_J *«. ..jaj lj a I L»i 

* 

Silj a ljI» 1 jo j »iifi i*ii £jc. Jaj V U ^I ,Afltl ^a JJo ^jlI <|— ^Toj Titov 
LiAil <lilj Jjlj .^Jjbl^ jk^j ^j-A }LiiS < 4 fltjj Sjitif ^Jalj 4 £.Luu Jjj^jlaijlIIj 4 _uuj&aJI 

■ PJ^I.lU CU^I jAjVl |^J| 11L^ jlc 

(J-tiJJ jIJ—Q ^ « *Q_9_9 <** »VI ij^Uaj j^fti <j| < L-oLu £ualj]l ja 

^Jl ^jLaUj 4jjlc| jIaj tillj JJUj < 6j±i^ 4 -uaj O^IaJ iJILA 

jlJ-LI OaJj O^Laj ^-fl ffl ir> <11 jlj^) ^j-o 5 h l % ill CjL»VjJI Ciluajl <jI J-au 

< N Y • jlj a J[$l ^ iAjj O-oUa <jjLoLi ^jjLjlL-uIj ^*1 ,^all 

i]^ia • Jb. Jj^a jjb t UAaJI jjlj . Friendship 7 ^ oaJLi I *»_>^ 

u-A JJ03 « of^—o £j£Lj (J^_a. t^Lla j .^—N^YN) John H.GIenn,Jr 

6>XA OjijSj < N MY jjLo Y £ ^ij . <ji_lflj (^/ < n n'yj ^yxASLj olx.L-^ £Jjl ill jS cLi^flll 
Cij^jui.^ I ^ i*i a ^Jc ciln %j Aurora? ^V I n i» jI^ cJLUul I * ' l|f ■ I ■ «i oljlill 

-oljlxo JbLk (-N *\Yo) M.Scott Carpenterjaijjl£ 

< NMY jjyj <jjLaJ jljjL o^lajJ l~K oaLfl iij 

Valenti- Laj^j ■ »jj 5 .>-j LuYij Li I jWa ^Jc. ola-k ^ill * ( "\ Jjlu^i| ■ ■■! I Jjllal 

SijJU i_>Ll£]l jl.ix.1 o5j Jl^j Vj) Si jj>I Jjl <(—\ ^YV) na V.Tereshkov 

lfl~ilrkj oi^Uuflj < Ijlja £A Ctlfe iij .«Lalll ( ji ^aajj 

Li 4^11 ^>1jS 

j* -K>i—* <11^ t_f* uj\£t O* jlj - U* ^LwjJlII JIJJJ 

c^oalL Ijjt jiulj .zero gravity CujL^II ^l^uul <ik Jlk> Lo jj 17 *Ijjj <froc fall 
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^iT *.H d « ,,/J L 4 j_uG jV ijfijVl £l \ •>!! UJ y jjl 

<JLftjbl j^oj I A* * .A IjjjIj tjfll j] o Lij“ JI j< <n l p^"kj jjill *6jjLuoll 

oljljJ-aJI d . ..."it Li d a t •‘ij> 4 u j l oIj-uIj Jx^j *UI jllalJ IjLUJIj .LaLqj 

oajj <4_ujLJL jjjjljj ■*‘ >i ^ * jj&ll ^Lu^jl qIjIj i% jxJi jjLMilli dlj 

i at I *LjjI IxoljJl Jj jd JsJLa j<ul Jaj i i ni l < ; ii a n jl 

I*t*^l .«- ^L5 j| j| J^jll jjj • ^ .Ar I (jLillaj ^Jc ^ajjl >11 ^JJJ (I j-A Jj-o 

j irtt A JL C ^ JjJ-JI JaX Ajj[ ; »At jjLLj 

5jj-o.lI I SjjJI l*ii fl <JII Jli xij .^UadJI <LAaJI j4JJ ^LaILj 

Ijj i_»*~ H * jjuiu tul <ajJ rd .« > tL i flfla Ljif jl it ii «JI ^A 4_ujl^II <i£kjj 

-0*3^ *>»■ u^- tfr“b 

^Jc <-UjLall ^IJjul 6^1 a Jjla jjjG l-o.\ A-o <1 im^ jjb JldA jmJ 

4 ilfAzJl 4jLl&^ ^Jcj * ■ uAjUaj 


4jjljll i-iiliM £jLi oljlAa ^ jjljjkJl (jijVl C»}L*.jll jj 1 i>»J 

i <Llfl jkLl ^Xa yJt 4_ujl_aJI jj.lj-*jl (J-aVS <i5Lu (jj <ti ill ■> m-01 Jjl co-aajl ii 

l Jj •> « Jiulj < J^ial 6j-l pi art gif juUU jjl jjl_uijVI ylc jL$ Ijj Jj^Ij 

•J>lal 6jlil 4-ujl_aJI ^IjjuV jA^iljll Jjjij Jji Lliic cojl < jkLil jl olcLu 
(ji ajj-ij (J[j-t>l ajJ-gJ 4-UjLaJI ^la-*jl Jjjilj J« -»■" JjLpjijyi £Ualljual LaKj 

4 

( ^i^a I Lo^j 

J a *a »J oIajLxujo| gI hi ill Ci>Ia.j *_■ *■ **1 f,"il ^aiual 6 j-ia 1 j 


Valery F. ^mA j ^jI h ui *Ll^_aJI jjIj jIj < \^*\Y j i‘^» \ t - | 4 ujl^ll 

>ij» d^yl-p-'j (5>^j »J>^ 0 «*lj'i<«jj»j islL*.. (jli Ujjc Bykovsky 


•^1 I«n4^ ^lj Cilirt j 6il janun 4ujl^ ^IjajI j^ p I ■ ■/"> fll I JJp^ 


V \ j £-g 6 jA ll I i~i LV ^11 ^aiJC a j|l I^Jg JJj 

•fV Vj-® ^ oifcj .Sjjj NYA ^AjVl J>a. ojlj (jill <(o n ,y) 
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^JL % I t t_,Li<JI Ijjb J»f.j olj-fi tillJ JlA-i ^5^11 Ijjb ^ * t Qj 

. jfl iTil <ILlu 4_iI^I ■ Aall IjJJa * L j^Ju pLu&fl JI4 j}Ij 

^j-L-iJllll I Lr^LcJj I Uji£ I *4 < *... a o lj »«** **>" \ -v 

<JLx_fl J S iuj (J-o-fcJI ^jjq pi i A fill JLaj ^ ini olj-iJLlII 6JJb Jjl J_U .^LkaJI —o 

* JAj Jjjj-aIc JLa <L»Lj pj J I qjy lI < <_l^L^jI oIj-UIj L^j| ■ ;> *"« 

.< i*j.iU AjJ i ^-jLtrw 4 j_ujLu JjJjjLfl jic. jl 

t.i ^ oLijjjl p I I pI ■ -*■» fllI 6 jj 1^ t IsL ***'*1 Li o^> £y* ' aa 
^ ( V d^luuj-i) ^ pI ioflfl <i>LU ^ ^All «(—>^Y^) Anriyan G. Nikolayev 
4j}Ij <CL*.j^ Cuo n I l JIUI pLui_ftJI ^Lf <Jt_ijl I JJJj . N^*\Y U... r | N ^ 

.5j d i"v .>~i <JLkJ Li^jlj <^L*| 

,<L-ujLaJI ^1 Jjl.il Jjc t ■>-“ I t flfl 1^11 ^ya -A vA * 11 I ^ 

Jx.^-a ^.ja ^ li QIkj 0 -Ljlaa.j (J-ajj 1' juVa VLua^l & l^-aI ^ -^Jl 

l^iLS iti. ilI ^.Ijl a fl < dlj £-aj - < L-ujL-=JI 6^_1LA p LljI ■"«» ^«|j SjVjJI 

^yjc. lAAjj ^2)1 Ij^k. ^_LI Jya ^jxula < c-Ujill pi Infill jVl (J>a. ^jl jft JL 


4<_ujL=JI ^IjjuI Stc. i__^fll^ll 


I ^juiJI jl^ Ijl Lo Aftjll 4 aj 


oSj ,_y-a ^ oLjjj ,j-fl a>^-*d5 uJ » * «■■ .■».« I Vi^aj 

■ Ah"JL> ij\ 

^1 Lucul J^jll jjj <LjSJ «‘t'i < ^nl I oljbjjijl'n mil JojlujI jjJLJLi < I jjk (jjSu 

(jl Cm jJl .4 l^fir oUjj jl 11 i nil Jaojul (jl JSVI (yJt ^Lxajl J-A e\ fl II * n^*i 11J 

# , # t 

^ *dj i ufl Jixiu l^-a-JL-o ^| 4 I** »6 ^jjC> * '*1 4-ujL=JI ^1 JJLjI 

jjc ^Ia^jJI a< (JjlaJLj . 4—>Li>JI I * * ■ -'*•» Ijjq! i--1 -A all jLlujVI ^aI ^Luul 

tjLirtll IjJb ^uijjll jl^bl 

Jj a ■ ‘1 ^-‘» ** lJ^XuJ 4 4 * I* *11 jjjV I jjjQ p I *11 LiLu^JoJt I I La 1^ 

■~"l ^ I .A all (julall Jjjoljjj r Jj (ja (juljVl (jGluJI ^Lfl .<j^jLAj 3 4_a»jJj al lAflll 

.jaLul jKJL y I lAall (jAxu ^i au 
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i-fl a . jjaajuii 4 J - 0 I p I ' ^ <LxlA-j-u I ^lk| jU < \ *\ *\ £ I N ^ 

e j j** ' <M ).fl^ J I <■» Q I < i I. .. I. .. .^ 2^0 j^JsUA j I^Ja * ^ \ ■ "J ^ M i. tfl ^JUul I ^nii nl I 0-11^ 

I ft Q I L> 1 ^ 1 * a ^ If- <"■ I n -v \-fl jj I Aj 1-N.S f | Mj H Iijfl tO 1 .. l^jA |^D 4 a I *fc »/> I L^J 

. jl^il 4 j^^j 

jL-° ^ ^_fl V-^. IJ .t, jjjS I J_3j <J&AjA I P 1 < A fl 4 1J ft < II JLjl J£lLI jH3 

^J.,t iilj-^» .^1 1 0 Yl rt ^Jc. oifllj * (V" ^ 1 ftj p i > A fi ll <.,l *N J-O ^yAj < \ V\<> 

<ija,m Jb< oilLl U ^j.(-N^T.)^ j4 ^j(\^V-N^n) 

. t _^al Aitil 4 j}Ij Ja^j 4 t*\>^oI 


. jljflJ <G^Ij Jjjo jjSl p I <Afl 4\ifl i 11 J)IU*i £LJjlaII IjLA 

l^Q« »*t 1 Qjl.V-fl j!i^| O-i JiLfi . SjjLill ^Jc. S^lfl j-J^I p 1 iA fill J>Ajlu Q"k. 

* * 

( I j • J JJ *"f jljJJ * J« ♦ ■ ^ JLjLauI ^lj A"i«il 1 fl . I^=k Uaj)i I fi 

^^ajj .> frlAll jl ^LoSU ij 1 11V A i"i jl ^JcV J)l 1 fl 

^j| 4 Atfl»■■ ^JiLkl j^Ai Jit irfc 1 I(|*»l* w 1 j 1 r imj <1 nflm £a <l‘«»^» ^JaIjjj JjI 

./^jaVI 4 iii« nil 


JjLjjI Lfl u a ^Jcj ( T Jj*\ Jjj-flj jLaJiVl JjlLl < \^*\o ^jujLa \A 

^ V jj^ajVl 4. *nfl *.n t l Ojljj *( — ^ I ^ *1* 1 /s A i-vI 

^LoA<a J^LA. ^j-o <lniiiiH ^jLt -UiLJI Sj^ill pLjjIj *S^-o 

Jjlj <pl l Afll l ^ * nft Jjl 1J-A JjLSj . 4*111 fl 111 ^jl—oLi jlcj p I 1 A fl <1^ 
j^Ljj (JJoj -pi < Afl <Lk ^JA jjSl iiLft^k 4 Ijmj 4JC0 JjjSj Vj p 11 Aflll ^LuujVl 

■ 4jjla in <q IjO^ Jafljllj Jaj fl i 11 <JL^ ^-fl ^_Aj ^jLLi ^Jlpi 1 Aflll 

U “"J? Lj V* ft Lr l^J (i ^ . i a j 6 .V ~fc"itl 0 LV 5 II O_illal j_ujj V ^ 

ijun i^\jL^)j.(\w-\\r.)^\^^ o 

p « 

p I a *11 *j ^uu^Lq 1 * l \ t j.A ^ |_^^| | ^ a <l»iuJI CjjIjA dj3 ‘(jijVl 

f LAill ^ SjjLlII ^ IjjlS ^1,^ oij .iLuij tjjj-lt <jI ji <'■_■»■■■ ^jL»- 

I 1^ jj.eAJu Jjl ^l<[j <6j4*^ iAjjLo 
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^1 J ill j i» ill 4_fcl 111 iill ^jl Cuil ill cl in <11 ^i,i>.lI IjUb l±^Al ."«*! ^ 

dljU < c l Jiaa li ^ 6Ajl±m JLftC.1 ill jl cLuujI JLatlj (JLaX.lj 

•aLl^df (£jAdi( 4 I* . i^ j ^.. il j 4jlLuJI 

Ljllujjj^xollj JjIjLjJIj Luu^i jj JS o» inj i -.1 j»‘ • ‘ •■■H JjIjI |jij 

LaC. Ija »Xuj olli LuLcill jJuL ^ OclliA IjLttJl -U«tl 

•o"JL^b cujSLijaYI <iia. 

jjy; ji* ^ ji li '1 % iiiAj (jl (j^j ^!u (jl fl i aiI I ijU^iuiV jL jJj 

(jl£ Lo ,'it ia^j \ j j 1 1 i i ^ (jLa (^Jc O l l flj i ij I ^ I all j|jj jja 4 j^L jl£ i^V\ 

|i^ 1 .I1 jlljull u& inttui JlaC ^Jl I ojif i I nl o*i 4 -*■-*.!'* Jj| (jL&JI <illj j■*« ■ 

jlc I a.) if j .(^cIIlaII jaaJI Jilj rl^JI ujuii yJI <LajII Sjjc JjjL u* «_il_ii I jiaJ 

**** J* jljjll (jK (_K>jVl ^Jl (jcl i i o tl jjaill 

<jj^j J)La \ MV jjLIj YY <1^1 i(jj^j>!lll o^Laj yi oLlIj 6J-xi jJj 

juj jJj .qjjLa *Uj j.i i^ J^lj (jl^J-JI cJ» "i j«I ijojVl (^Jc (jX.1 *ii<*» jj Q Jj^Ual 

(j* 1 yjal jljj 4 j^L Ci ti ij^U (^iJI % i i,ii iiij (^fl 1 j il f . ftj In I mil 

J-*J ( ^L * 1 8 . 1 ^ ) C?jj^ ji® cLai Jjlj jjLS ^jll f>uu>i Jjjakjji fJk (jJjil <jLSj 
jit (jLS (^jjl CuljJ Jjljjlj iJ^lj cLaJ jjlj (j-0 J« M (jC.Llu9 j-o_# Jjl 
(_C*Liiij -v_i <cL-&aII jciuu (jSj^aI JjI (jKj «(fc ( / ■« _»> ) <J^jll Cy y' 11 " 

.pLuiill >.JI <1 £2 |J ill .(U*\V-Wo) 

C.1 ijla (jAjYl \ Ciljlj-A (_j-i Ij irt -> I» (j l i miYI (3_il J . Uj ■ M J—A 

SLklaJI jail 

(j^Lby ijlj-JI J4« Jj | all Jj-jj Citl ^ .(JpUaYl (jJc Ijljl j-«Vl (jjSj (jl 

. jSlj iOjIjII |ji .-'Ij* »j 1*^ A 4jjL& 1I iCj^JI JaU juil (jlAJ (jjll ili irftll 

.Luljll (jj IjLtjlj^ \ \,T# (m^l) ciltiVI <icjui 
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I iA fll I t j Ladtt I 4 j^C 6 J i* 1 ^ il I Ci Ltfjl I O1* uj I <N*\oA 

. 1 H jjQ^k C> I Iiifl I j ifU CiI ic^J-U Ifl *-* (JS 


4-C-j_*-u jjL^j ^y*i t-i-flj uj I JI "uV I < \ \ 0 ^ ?"i in j-iLli ^Lll I 

((jAjVl J "h *ti ^1 |^£>Lu^ j aJ jLS iXil - | \ Ij^lj ikjjil^i uij[)-^il 

O^V * * * ULad 4-ft-o JJjljJI C*VL^l Oj fl*i_i.»jlj < 6 JjJ ~w.it j » f 

.(ja-^.jjl.1 YA1 * • • L j*sji\ ^jC. ^Aflll Jjuj ^Aflll <LqL-iia t—A4 S^jjo j| 

4X-^ ft^.l I fJ I jJ <6>li ■ ill ^jnrtiTill Ci^LflVI <£.jjjj j j l "k*i i <jl ill 

.artificial planet 1 l^ljua j^jI jaa < < «a-v d *. ..^.^.11 

ij£» fj dj- 3 * J *^- 0 3 ^* fJj filial jl j^ual^JI 

jaj c^li (\ Ujl) ojl^j • probes _^j^auu <satellites <jcL lua IjLil 

4 ^ %jJI 4 ^jaJLft iJIj j_oj lunar probe. Li 3 * . I^jLui jL^ xia i jj (^ojll 

Jjjj V 4_fl [ - iit jo (jJlj i^ftlll Jiku| ji "V* • • Jju jjLlJI jaj i< ^i-\ 1^11 

V 1V"V jaiII jts<|jkAll jk< ijy> A , Vo ,jt 

jjl_a-i ^jjI I j %jjlj^ua J^jl j_Aj 1 j_u^jL) a,i~k "ill oLVjJI oalUl 

"V* , • * • <iluu <ic. \a "141 jaill djj i£. <iaaj yi jKj . ,_jujLb yi o^LiVI 

.JLoj]£ 


I ^ 4 V j 114 1*-■ i. \Y Oja ^)l ^luAjxJI jl^jVI It-" ■ >■! 

^jJcu^al < <LLfill 1 l"JI Ljj «.Aj I .1 0*4 ■. 4 L .^IJ .j . all /.I -.~l ^a 

J}LuuVI ^‘im JJ» .S^ajJ <£JjLoll ftjos J^La ,j aftIL (La J_a. J]) ^jLouVI 

•J^jVl JjlC ^llc ^tjuil ^Jt ( 4 4J1 >4 iii yk-4 ‘ l~-^.~ ji 4*1 i^i ij 4j| jj ^Cjll ^k| 

Jo^aA Lf j 4 j ^IjJaioaV I u^-J < JjAl JA (jJI j-aiiI Jjo oiUV I <Jjla_A (Jouij 
OLa. JJj ■« a . t | l l <jjl 1 aj 4rtjj ■ »y ■ <JaI S n^aj J »‘i^l 

,o 3S1L <JU1I Sakill 


* 

LojJ CM J ‘‘‘ r J * « » 1 ‘1 <J 4 .^'J la) (jikjVl (Jj-a. jjlaII jjJa 

(jikJ IjAj ,^jj iifij L.jj uj j«» rj 1*014) J£ a_x >-4. . Sjjj Lfaaol 
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jjl ( J-A (j-Q-ftJI ^Jc. illlj ^ jJII jjjLlfl <<jjl in ft Jj^k-o 

.CitijVl ^^jVl 4 ^l^j ^aaII 4^3! Szk,\ 

jLi < 4 _a^jIj jVI GjLlAjj IjIx-o * " ■ j_^_oJI LL3 

pluf ^Liifl ^AjVI Jjc. j n all jju j-uLSjj .4_j_iLj orbital speed 4_ijljJll 4JLcj-ui 
Lot Lejlt. 6 j^jlAj ijj~\ <^3! i lit jljJU 

f 

. I fl V. f Jjju ^^3^ 

<Gl j^j) LLaL iuli; Jk: j^ill rotational speed oj-« dJj 

orbital motion 4 jjI jJLI _^JI 0 U^n rotation o' <_y^( 'j-*j .(< ...a'l Jj.*. 

iitUjU 4 -k 1T1 j n-flJI Jj—Lij .j-i.VI jlji .1 * ».>■>*. I jV ■ ^ jlji .1 I, iu-i'i (Jljlo 

4 -ill ^ « ■ -~j . jl^kll Alia ^ I j j JL* LLhjj <1 *i i ^ ^Liifl j~> 1 <jl£ 

/o*^l i>> ,iberation 


~ U.■■ /"\ • I (£~y o' l -* liberation jl) ^LuujiU ^m j 

Jja j* ■ A )■)•;-" idJjJ ^ <4^LskJI JjC LuIj 4lo jajVl o-Q ^aaII 

^1 a^ L. .. ^ja Jjill /i • SjLlj oi-* 4 l~kL j jjaj ■ ^6J j » a J^MU iit<% 

* 

. ( 2^1 ul jl jia £_i*=>_$JI Ij-A ^jJc. oL£ 4-j| (J«~i it 1 I o-aj ‘jalj-lJI fjlc- Lj a ja a 

1 jl <_ij i~i 1 ij^c. (g\ j-a>^a o' I i-Lijla Sj-j- 4 L^jI 


I " ' <j| 1 a. oV—iVI 4 x._j _lu jdO 4 -uj-fl <t-Cj t h i iSJ n * (J )' O' O ^ n J J 

. 6<L=l.jJ j jdO Ol-ki I jji o^Sj o^jV) <_ijj(-=L. Jjjj jAfiJI 4_utlj 

<Jja, jljja 1 4 jI 4^jjJ ^oaII OjjL^ O "fcM jjLJI ^jLi o' o ^ aj . t 11 i^j 

gJpLiaj ^Jc. AjJ^l' jjLuJJ cub! Ijj <Uj^uu Ijjk o' • J n ^" OJ^JJ 

a »l -v~l J I 1 ill ■ . ...I'll I *1 -v~VI c-i»nLjll OS^JI ) jt 6j i» in <j "ajj' 1/1 4 Aii.\ J 

VI ^*I-V I _j_omVI (Ja^j 4jCjdUty 

j^-- jjUJI o' 4-*j'jJ'' o'~ a 1 1 r>~ilI pljjkl ^ju jjl « VI /i~i~kI 

<iU( .ilj^JaJI 42kj jLuia ^Jikij illlj JJjj ijja J)l 
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* r\ Jal fl.Hl 1 4 j^o| Ijjj L> *«* «fI 4 I »■—a jj ^ 4 A I*. iTkj ^ * 4i a j I^JI 

i 

6J-Q J^V ftLjjJul 1 1 11 ^ J-* VtT* » t CS^i L -^° J ^ fl j 

O-o fXLjll ^£- .J^UaVI C. JaI ^>0 U\J1 jj £.iiLu-Q Jil 

■ Sj-o Jj^lL JJLAJ P 1 lalill Jifl JjA olj 4jJJUUj|l (jl 

£ .-.altal X Lj^I) 4 Uniljj ilUj-i ^ Lilli ^*i \i flj-mJI jLa^VI ^Uaj_i_yl 

i*** A ^ a * iJjVl ^C.I\|^*II ^.fllll Jj^UaV 4 -_uLaJI <j£AjluI! ^ Jjj l ^ 1 

^Jjuijj ^ I jj j**H Jj ■ fll ^^aaII jjLiJI I 4 -i-il «Aflll O L\ I ^^Ual 6 jl^>a 

# p 

,4_La Ja*_JI j^faa Jjl i LojJ 


i"li1 ^ I ^ XI , t \ *1 1 4lilflj 4 a iqI I < 11 \\< ■»-> jj|_uJ| L fl-l^a J l jj-JI jj-^11 4 if-j j .**« t K 

jJLfl . J_UL&JI i ul^JI > 4 aU"l I j Zjj^.jl\ 4 u h’iLo^II jLSLflVI Jj-1 mI 4_i_flL£ 

t u L^JI ^j»a\H |j| an i ill J_iX_JI l, -u LaJI ^jl jsJ^i jl u u iJ ^ l~h \ Jjl Lo_Jj I 

* P 

.6 4 L .,. ^Jc La-ij^ p LIlj t—fl^jLlI ^J-Q I Vi I,7i <Li <6 (_£jil 

j A °ll J_Ut-lll 4 _^jJI ^Jcmoj ^jl jj) .^M <Jt I jit !tj|l 

4 VI A 4 ii "tU 6 j-A ^Ir- oJ^I tl!J .^j^JLI 4(J ryj ^cJa-i-y JV_a 1^11^ I 

.^AjVl jjJI *"‘l * I oJ if. 

I <^ V j 6 oLV^II ■"■fllt-fcl * N *\"\ £ jjJjj ^jja 1^ ^I 

4-ILr*JI aJJb * I—O i • «.i f^y±A. ^ jla | V ^-o Lft^ j flfl IL ^jia^al 

< 2 i l-i ill I i^Ij Uio VI (Jja ajATkiVI ajitir. Cj^QI I • a JjJo^ ollxuiAi < 


L till I 


Sii . MLJ 


j ij- 0 j_yjl-LAJI <iaijU i j^jVl ^Jl I j*il--‘j*j I ia 4_uLaflJI 

. LoLaj JLuajVI lAfljaj ^ljli.4>->yi ,jl i_jjJ5|j i_jjJ 5I (_gj)~l iu « ftjj ■/-> 1 • VA 
(_£ I * ^- i l fl“i i I<Luj_S Jpalla ^ya j -> all y q ^<a JaLi~ill jkli a^-Q 

(£.ill tl>I Ch° ^^11 (J-^ 1 ) CuIj I—jj*sIII il~n oUi'ill Ijl aj^uaui jjioj 

.(laa. IjA^s Ly*. jl£ <1 ciLiiJI 

^"h"hll aj-iiS laA^w ^.Pk I ftjiiLin ^4-rs. * ^ujj j ^all ^|| H Q^.l*!il 

. ^juli X * l^la f , Jll I j£ L^io it I V 
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lj)j ( A 4 j_j ■ -**11 JbLj a II a h l "k-ll I CiLiV^II Ojj-£ 


. j nflil 6j\ X • * ♦ Ijla Jj LuV I I -Iflfl t \ W 0 iiui 


tilljj f ^cJaoju L> t A ^j|f |j.uJ | JJ3 Q*La t \ *\"\ 0 4xui 

jjlSuuiI ^iJI jjLJI jLaj <Ic. ^jll Ja^-i^JI iiilj hard landing Ja^xA 

^jLJI »t^jJI J]j (Soft landing 1 ni*i^ Ua^xA «^j_jiU_LI 3^5 .iiIllA 

.j-xaII ^cJauu ^jJc. 4jdaJa£ 


JjLi <**«* ■*- < I « * 4Jaj_i_uj ^—«l^JLI aJ-A cu(£] tfgjA j.«*U ^ 

^)Lfl (£9-^ .jjLuJI Ja^JLbu (JxLu ^jJc. aJX.L*nll ^A 0 _^uIjLJI ^I Jjwx i III 

^Jqjlu aLajI ^_A Ixxj^L^ CtLaij J^Uaj ^kuil^J ^.iK jUJ j| u "u ^Ua-iVI 
4_aJl—3L^ ililj ‘. • I <<J I Q.&11 ^cJaxu ^jC. fj_x*_i jjLl i JI tliljJ 4 % > ,» ij 


A 1 


| ^ LAjj Lu ^ La I « t * ff <\^T\ l^ifl V* ^_A 4x^11 ^ju A^juJ I J LuV I jaj I 
^Jt ^jljJax^l iaj-xA J[$l Jj-o JxIiL C*( ji « *< "l X*JJ .j a ill £tJaxu jjt-ILo -kj xfl t 
Ajj j * all £cJaiu ^Jc. ...u,yi ^j -0 jl f ■* ^CT^* J * *» 1 “J a A H ^ r k i n 

^Jc. ka "ih j j J^| I C»Jj A^-jhI »AA$ - Ap I 4^1 Joj£ a I J* %* i 4 % i m 

. ^j&aI I ^lLlui JpUaV I 

Oceanus ^ ui i^ — Juji Jj o ^j-JLtl *3—all i j& ( ^ U^I) o—txxA 

^jjjV < AU\11 .j^aII ^r kill 4J-0 I* > •■■'■ jXJI JJ2<^a. .ProceHarum 
j i «Oill 2 .1 1 ■ A.I I j l’Ca V I ^lf (Jj)j Ocean of Storms - Xaljdl In n>« ^ i*jj 

^IlJI njiall Ci^Jilj . cIjA llj tlu <j ^fiul j a all jl ^ya I al <u ^1%'J I Jil <«JaljVf 

Xalj£ Vj It i > « Jja>j ^ J e a j f tV I Jklj Jal ^Ll C)lj aJ-l jajVl ^1 olu^l 

. LoLu a i» a^_a lilua Jjaa Ji ^^iklLj 

^jll Ja*ll cjjj$j < ^jL Y*• ij* |j^lj i»jLa >m) jjt il I ciLV^ll oallt l 

jjujLiijl ^-aill J,lXs L>Xl cu>LS jJj i^JI jLaaVI <j ^Li 
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l-fl lxy jl <^*11 j)fc 4_><a*J t^Ua^l <J-tji jh» IjJ-** 0 ^ ‘I 'H jIj * ^J^LaajjJ 

-CU-lijJ-JI 


| V Li^ujj jJLl jii {Sj~^^ <l£-j yttVl o^La^II jLaaVI oaIj Jlj jaj 

^cJauuuJ 6 j^jus » » j« ja£l JaLiaJlj jLia Jaja^a tig i ^Jj < \ ^"VV JjjjI \ V yi 
jjjjls jaiJI <jj 3 j>a oljjc. aa.V sampler arm jii-A.a £ Ijj faAi.J <j£I < j-oSJI 

. 4_LaAjVI ^ajil Aj^^l 4 j!^uLjjjI CiIj^I 


j " ftll jjlj OA^JI dilj OLiaIjJLflV I jA 11 d)(lA Ci *1 ^ 4 jV J ft J j ljj» jLSj 


J tf j »nl l ■ ill i tli.1t l"M fl*i .**»-V- I I .iKal I J lift! I 4 fl d fllUl ^ L* * 

Lft^ ' ^ 4 " -I ~*j jLuLlI 4 a tU l~* j~ i_fl^dui jaiiJI ^ic. I~* j~ 4_i£ja <jI jjlj <<LL^Ja 


^lll CiIjjLuJI j)lj aJj^JLI 4 a . a-vllj .jljfl iVI £jj_ta] i-iLaJI Jajll jja 4 t ill CuL ^ 
iJj! |^a t jAj’iiu jjK La ^Jc Cii-AjJ ji ^JauJI ^Jc Cftiiaj l_iil~i a LLjii CiLai 

duLttSl) S_J-S jail IjJ 4j^alll 4 jjjlII j)l jL Jivifii Ci I util Jl'i-I. a ^Ijj 

•L>“J^ 


Mare TranciuilfJtatis j-w j ^^ j^jII 

JJ.VII IjAJt m Ijl^-a* 1 aAi| j (£jJ(j t ^jLflJI j ^iH J 

^cJauuuJI (Aj^Q 0 * * * * Lu j^iLfljjui JJIj^ii oiu^lj .jAifl 4 jjJ ^ja .-.(Air 

• (_>4»jVl l*ftiii (jJc. Jja ftJJlLuu jjK jl LaS (jLui^U UjTLa Ijlaja {£jaS1I 

jlj-o cJA.J jjlll ♦ lijJ) .jujjll jiLl jjajLa V> ^ 

ji Lunar Orbiter ■ jljJU^ ciiiLl I * i"*^ dJj aj^oII ciLV^II o i a 

I i$-aq j n -flJI Jj-a. jjJj (gj—Ll jjlj-tuj jjIj_uJI aCH oLajlj \^V\ ^jul-i inr I N ♦ 

I a J If J ft’nj LlIjA lid ^uidl jl 4 ^ .T.tl cul^J iliilj Jual£u jalll cljjO ja 

. l _yo jSU iajai^jJU JaaljaJI Jja jail I jjiaLla ef* 


jjijVl J>44ill (ja-lj £-o CijjJ (jjll cI^SLUl xSl JojIjAJI AO* <ja L»J 

jl JXfc 4 j jij^U I III ^11 j)l J ‘ill ja iUaJI ■ ■*■! ^ H .-.La~ll 

j ta l i a jJj ( jL^j Lf^j 4j&lj jy aJl jul ^ill J < maria Oual^11 cili^ill 
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t-Uj.m CjI iti> pi LgJ jI xi} j_j-q Lujii j)l ^ t J&j -. .‘ft <j_l it 6j-uS 

J&j ^ya 1 1-* jII <^jJI jji ^all ^jja Ijr*. 4 at-v .. <ioJ| * «"vll £ V Ja I 

I* 

LuJuV I 6 j-A ^j-o LoLu 

^ o > 

t ^j\] ci_j_l^&ll «_i-iLJI ^-fl 6j.iai ,0 illo—*.<j Jjjp Vj 

oLo_yl» a ^y* <_J| 1 t L^ajL Lo jj_5 \a ill l u L aJI j,liX \ * * 

I ft \ oJ^flJI I oj.t^ l 6j i \ \ I i ^ 1 7i jli ^ilUJil 4^nij . ^jjlJ j.jiJ I J^LL. Jj-o Jjf^ll 

6 j ^ i /*>*i1 .1 oLa-ikl I |7j, ^ 1 ^■ Ui ^ I J I (Jjt. r^.ij 4j^.„ft.fll I 6 j-i» flff ^J.^.i f 

c-n.fl ^aaII ^ya J mill i—ul-Tki I 4^-31 i.tiA ■ *() ■“ O-j^) * ^ <4_liuj| 6J^=kj}JJ 

<SLxau_uil oU-lUI ^y& <Loj(jLo iaj 


lirall ,^-a ^ui-U S|j -^ill IjJb ^^-Lc. 4_6 LaJLo j-LC j a fltl 6 j.<Ii 5 j (] I jLL 

JjUli I n ifl JJLi d«\ a a oL^I^^aI j fl hi 4 jJ ^jlC. < IjJb J-4 L^J I u* c^L) 1 * 1 

.uji.iiH Ii 

Citijiaillj ««i till tlLo JLxa ^j** *1 ^&Jl!I ^jl <1««*■ A .il I yiC. CtliLuu^VI t-v l 

(JljJb ^1 A t 4 -jjI a 1 nil f I^Vl 4 * 1 n iUI 1 1 tt oV 1 11 ^c. cJLJI 

JjLjjj 1_J -C^jiJa-a 

jic. JjLuJI oL- ol^j 1 ifi Yi <_»_aL^ 4xi^i.uj < Mifl> (jl' «'*^« 

. I tmtlllifl V L^mO LAj^Jj ‘Lu^^i I <i^JLuil <_3^jl jjl I p^ulu < Qj *«» JjIislj *■_ 1 ^ I 

jl ji ti Ai il l jj-o jjuilfi IjJ <4xjuai j^J-i jjJlj * i,»J -JL ^*>r |JjLjum imJ jjojJjUj 

JL^a l^J 

^ylc. AJ^k^XI <aLXH ^ytll £^lZ> ^jC. Jjj)j V <il_J^ <J ^jOaILa <Ll^.Lj ^J-0^5 

^ * * * * 

(j-a-ftllj -JUhi^lI iJlLo Lc.< aIj^ JI^J| LoLaJ I jfl*i fl a cU^ 1 Vj 

6jSt^a ^jl < ^j£±ji I ^ ^j-o L-uiu 4_ti^ j» nftl ctlilj ^Jc. 6^lc 

ii,m ^ill j i jkliiiLTkVI jjjt 1 ■»*» *| . ■ ■■ |JaI 

VI j-o-flU 1 11 mt 6j t» «^ll 4 ^jUJI j^fli Vj -j-j^I I * - I j inn 

. ^1 11111 \ 4 lilfl 6jl^^ ^yll J[j*k" 4ojJaj olcj^u 
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' >£ll j a~a. LoLaj ^ya jail I <UxuxiII 4-iill ,^1 ^n^ Mj 

LiLua lj-k na <J£ jl J-a X-k l I ^yaj ‘ ^ya (JjLuj >_J 

^a5JI JjIj^J tjp f£jj_)^£II JljA^JI jja iJ-*L*-“ >-J tJLi* ^ 

,jl J_*-iJ . U j 'i j. Tkj -v_JJI lj-A 4 -X-sLS oLoljJ l y i t u j tjl (j-a l-L>j| 
~u ‘ 11 *^** ° JLa-a j n all jl (_ya t*ij iLfi <4 -> _fk < <•> LuLjiaj O-ilS Ijj <i_il ■ n - a il 

■ ■• * kl (Jl <J JjLflJL _jj6j 


>ui ji j>-jii 

■ "■ La ■ Aj <J^-k ■" ,fl ^J j ■ ~ 1 ' a I I I j-jc. jj 1^ i nl I CxflLIn JjI J-t-> ^jV 

jjLkujyi 4 -Jlji 6^iuji (jj^j — 

. I4J i-flj-A ■ ■ ■■ j ■*• ■« a I a 11 ^jl^juJI Jj^Uaj I l^^»a S.i-k ~il I oL>VjJI cn l c. I 

.space race /= I ■ Aall ^1 i m ^nui UL j" *...II * j nj a tj ^uj^l 6jjLi j I (] i a » j a a 

-"•■a-*- ■ - I * * |f ~ < \\ \ V <jlg_l(_i k.w ill oLsV^ll ctj * ‘ ^ <dlj ^-11 <aLkdVL) 

. I^J yal » J of <" ijjj^ll <a£=JI ^/_kiajL»il Jjfl ^ya jj^liiJI £-lLl. LjS q> xj <Ujl -km 

^ \ ^ W J t g-,n'i‘s I ^yujjjl I J^lc. I < ISj_)-o I <j(£a 6 J LtiuuVj 

IJJti <jl_g_i iJj-A j**lI ^Jakui Ljl in il ^ ia" ijt^iuu * > -v ~H CjLiV^JI < \ N ^_il—o 
(jljjUl oLi. jV 4_uja]I <JI^_jJI pi i mi I <jLucVI i_aafll I j_A . ,<a*JI 
. Apollo program' jiljjl gjLjj (NASA) LaU" 

^il^jl gkaLjjj ji ■ ■■ ill Gemini program ( ^*»« • ^^ 

!_y?z < nl .^jafl oL^^.1 ( jci J_a-iJI .-.I »!««■ J AI .X all Sjjljll ^_lc 6,U$ll>» ' 

.j-aJ^I Jaj-J-fll ijjlLLI oljJ-iJI ,j-a — f I .A, al l ^ J> a . Jl 

U^J^° ^ a *'*^ jC J j0 Jjl JAsaJj * N ^"\"\ <lui <LI g,*Li ^ia .!■>) g-alj_jj (J-ao^lj 

. mVjjljoi 
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CuljAj < 4 ^La 1 I el all J I 9 > j tj qLumLII aLfljll • i* ■■■* CijaCj 

<c y9jVl tjJc. jJJjjI spacecraft (*)<LjLAAJI ^ J^aJL IjiaJl ^jjJI .»!.f.~j 

CiJIaj ij-o Jj.uJI jLajj jij . <j*il i<*ifl II 4 jSI_) 1I ijlc .1 ( g ny uoll jl£j 

* # 
,4^^^ d fljj U i ^j 4 l L I J llj *| 

(eLuOd jljj I fl j ~»« (J-Icj) 4 >o <LuLai i-lSj-o J[jl Jj^llsj jij 

0>1 UjU^UI ( V )o:LSj. ^^■VA U ^ 

(j ]I l_) _i^ < n l <ia.j £>11, CiiKj «JLa.j <j)lj L 4 T 1 a ^^icj I Slt-»*» eLuaj 4uiu 

1 ljlj-o N"VT Jl (J^La. jJJjjI ji 1 n irt'i “JI 6 jl , fl jlxlal |uj -cLajII 

jaujll ‘ Jjc e.l til ^Jjljjboll pl£ja « 6jii .*UA< .-.j lj 

• 0 VI (j-“ <lu( Jj-fl (jUiMiit -uLU jiVnni (_g,l> 1 ^ 

ciil^T 6 jLii ft ill'll iA ^UjjI Oftilal < ^ A j « * ■»* * V \ ^ ■»* dij Jai 

«c l ..a, a ll el ad l ^uiLill jkijll J»*>j cd)ll dij ji jl^ ^ill «( — \ ^AJ 
YX« jlsa ^ Ciljluj ifj^lj (J^a >V ^ y la ja . (-\^TA) I. jwuajjA (Jii <iV 

0^ cr* *j-fJ c£-H^ La^j cul^j. jl <5j>J Jljl* 

jtaL pL flJj cwlij < lj■ ■■ LbJjli jl^ <Y ^lua ,J!>LLI je Ltjj ^ ^ Jxi pilLl ^lll 

. Jjaill ^- Uh . ^Jc. Jaj^JI Jpal Cu(£ ^^lll ijjljll jj-Aj <V ^ y'lnja. 

^]| g'n fl < iiIIj 4 I&L 1 II jl a Jl 3^1 dj Sj^llu A CuLi dlj * * » 

L#^- 0^ c±»^* lt“ *J-° Jls' jb ^ Jj- 3 * j*- 1 -® u* Jjtill 

J—-A-uaLflj Ijljj <&a.11 quJL J^g ( jlc. t..*iuiljj lj f I I*>~|1 ill £ij~k 1 _^uoJI ^y> L)lt 

j^adl A flLt* ^8 A^J^il ■"■ II" . I 0 -> > A j, J)l (jijVl (jJc ^ULo t-JJ ^ H l J h ^jkl . M J V 

jjijVl ^Jl ^l-a u Ojlc. dJj J-*, 4 -P-p-m J)C 3Ui Jjjj La jl CjIjIxo Sj <tif Jl^jio 

CniLaj (^ajf dlj u* CuL^ jjj . Lajj \ N ^)C. ^Ijlfl Jbjli ijj» e I iri gll cJJaj 

• l^l^jj pL^aflll 

je ^cjll ^Jc (pLoill ui (Jjlill I ■ ■> j*> l S j JbLi. idia <|Laj Aj Y ^JJjj| olfc 

JJLi .4,14111 ^yi jkiill jl^J .pt'iul I At gUuiui, je ^IxaJL ,'| CuK 1 »J *■ - ^15 jjl 
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SjL^il (j-^3 (j^Vn a i nil ^J_2h.| fl*i \ (jl jIjJU 

command" SjLiUI <jjx" I <\* a mil J>£. lunar module 

4>j <* |Jiaj I *'ni all ^cJaxu ^Jl ^ ^ o 11 ajLjJI 6j *\j »jj ^ * * <cifj *x j* .* module. 

<L^JU ^jQ_flJI ^U... <L)^ftjJI &jLjJI 6J ^iJ jjtJu t I {J iji .jlj_o ^A SjLxaII 

6jjo SjLull 

. djLiJail i*jx. a flt 1 SjL^II 5j-=k.j gl lAflll jIju dUj sjLi 

I *»*« ^ ^lgj SjLlaII i ^ 1 fl -»M <L=s*LaJI * AjLsjII JaA-ULij 

.(jAjVl ^11 ellj JJU <a£ll jl^II 

jLlI^I |uj (McDivitt ^ 5jLi-fl oV* * ^ ^Jl^il .~.s Iti| ( \ ^jLo V 
jlj_o ^II^jI o-Uo plJLLkl tSj-ij iJjjV p I in all d-*j-aftJI SjLJI aJ-^j 

Jjjo I—-a jl Ijlj-O \ 0 \ JjjJa gl i A all ^A O-Uaj <6j-'i flfl Jjj-Ja (jAjVI i|j ^ 

. j*Li I 

SjLa p"*** N * jil>il oaILi I njic. < \^*\^ ^jLo \A ^ ioILJI 6 c»j ^**Ij 

fLA*JI ^J! jaL«! ^jlII »| * j Thomas P. Stafford * ■ ■■ «cj. ^juLt^i 

4—AjjJu el -lo i ^ i *n A mi * ■ ^ I <^ujL1a JjI yi Ij- ^ ■ «■ JjLSlj <J — i—A 

. 4,^-^k 11 ^ * » l^ * * 

jjLo Y\ ^ J Ij^o ^ Lfl ii L ft > Ci * ..« A jj IA ^IIjjI J-aX. « \ * p 

CjJajj 4jj—a-aJI SjL^II AJ-^J Cl !<*** a *1 <Ajil AJJb ^A$ . Ijlj—o Y\ JljJa Jlj-A pltsj 
Jj^aLljuj . j-oaII 1**i i ii ^J| ^—\ ^ jljj 1i M. I J jfr Al"* • M 

J)Ljj J hi jjij < 1 t iilull tdLL <oI^1jlu P^Ljj ellj (JxA ^ * * 1 ^ ^jlj—Ja 

-■ ||jucLu jjL ju^j LL lL^aJI ^.i»IL> 

IjLc. tilij iJLI ' j * £t_La-i_u I^Ljo^Jj^ oN d fll ... » ^J| ^jl'ji .»j J j^ llxu, t*«A 

t>» ^ (—' \^y*) .j . SjLill ^11 

^IjI luLu I^jIL iJU jLb jAjVl ^11 ^Laoj pUaill a"»»&... 

.aUaflll ^ 
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Ijt Lo p^juj ^jVI 

jlj^ll cV^Jh J)L^ - jljj 4-j^lfi i.fl n a N N ."»alt-»l < \ j_Jjj \ *\ 

, u a ? » <3^011 dlj^l dlj dSj JfLjLy jl Jji f-A 

. \<\r* 

jij . \^*\*\ ^jajjLjO \*\ Lg-OUaj jVJ ^_uJI <A Jj-ii g-jj^*i i n ajf JjLS 

* 

^J| SjjLJli tj* *-» Od-=fc. ji Ij^JuoJa Jjl J^£. J 1 T 1 II tj ft ft J^£. ^ 9j l n*»i 

. LL^ll 

jjJ t t.=k. 4 li ii11ii f I <rt fl < Ll^j-o ( V\ ^'ift » *\ ^jV-o yJc jjjjJI 

Jj-ijdll fk\s <^Ll 4jUjl ClaI J ^jjJI 4j^>ll 6dA P Lul - N ^*N*N _)J-qA£j \ \ Ofl-llnl 

.^cLuuJf K iduViJ O LeLuu c jii.n*^ 6dl eLt-iiiJI ^ i ti lL 
^ il lj t \ ^*\*\ ^jJ^j \ A ^a oat la I ^oJ I * \ * ^lj^jl ^Lo ^ic. 0^^ 

fi # 

|jJ 4_j£I <A ^ * * « "»- ^Jja I ^!LS I 6j^ I s\\ j iTi I \ Ja ^ a j_l_£. QJjl — «-*a — C 

.J*£ll C LaJI 

.el tA ill 5_uQII 4 _JLL*j ^ <j^L_jJI jIjl>II «j —a d-^lj J£ Jjti (jVlj 

^jJc I fl I* J 1*1-0 J_0_flll lj[^^ ^—CJU^LtAU «Jj "k *M \ N 0-1< N JjJjJ X • 

4-»j_aaJ I SjL J\ 4j^C- ^JLo <jjoiII ^m jL>fl I^ILojU^ NX* \ * * Jj-o ^LsGjI 

j ■y *H ^2>~o 4 -jjjJlII <iLJI i^i^_a1L_i l-w iif I (jjjtlJlj gJjj.'i. r ii iftjI Inji A 

. (^Vl Ij^^j^jlII &JA& II j^alLI) .MareTranquillitatis ^jL^JI 

j-tiJI jL^jJ I Cui^ * * * 6jJSi£ <1 aLjJI ,fl, 1^ 4 — 9Cif^lf 4cl i-iJI ^-fl 

><■■ ftj | LaJ Lfi I 4j ^ailJ i &jLj^jl 4ijC O-oLa * \ ^"\*\ jJjj ^ ya X * 

jjlx. Jt-Ujuu ^^Jc. I ^ya 4_U=W oLajl£ rfjtJjLiJI ^ 6j-o JjVj -j-aill 

Luj 1 *» * ■ ■■ "^ oLdii^JI die. j-A-ftll ^r li i ii ^Je Jaj j 11 1 jij *J-^I 

fjojc.1 ^ ** J *^\fl I \ A jjuJLj ^J 4a .u flj J)l J-u . Lojj N*\£ jiy <^ jy^ 

4-o jJh (_^dJI (“N^NXj i j^.i tt \\ i jj UtA ij dAj « N^"\X ^j_oa^j XX 

.J^ilVl O-Liff CiAjll dlj yi JIlL. 1 (^jil 4 j-uLj^1Lj J^iil 
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jtiajLu 61 (Ja!> jjLcu-ij Jjl <<Lij_o-flJJ 6jLi.il I Jj-o g J $> ■ * > t n *> ) 1 

.JjJjjJl OLXJJ .<jj4fi i If ii^La-C 6 J «jjL lujV 6j \ ,» **"> 6J 6 J—A ! jJLflj I 

lj)i nljv ^AJf ^JL*Jf ^L^ii ^ ^ j_lZuJI c j-° oLLa oj^JI j_aLuj 

■ jijfe atH 4±iOrJI 1 jflj I ^.Lfil 

<j| 4 -ojI ■ <n iff ^vgJLij-C. i Jjl 4 jj .n fl 11 <Jj-ll I QcllVi ml J_5j 


t I fj Ld if fj ^cixul OiAj )T*lj 4 £.LlU Y\ ^ A«w ft (_0 I j ■ ^lOj 

J.uali.M ^yilf ujLaJill lj_*LSlj (^Sj^hoVI ^J*JI <j^Ck.,i>ral) ^yo .~*l **<» I^jCo_ak_j 

•j *&II IjjjSu ji j*j ^jVl ^1 L^kiLij 


< SjLufiil 4-i^C- Ijlxj jaJI ^r-JU*.ii Jj-a <-i^aftJI SjLi^JI 4 j^C- (jLflj dJj JJLl 
^ jVI jjJj 53*31 jl^J -jjaiJI o'jl^ 1 J-^Lfc? Ji»La (jl^ I,"u\ 

Cr* 

■iJLlll Ciljiui *±>3 LjJJ ^J-S jjiSJI It I I jjJI (^j-=k.l O^Lvj Cuuu i-ifllinl dfij 

\ ^ ^ (j-4 o S U a l \V j-UjjI 41*.j i yA SjIj] o^L^jJI ai* j JjL^j 

£-jl J j j-A aj—<4 4_iLxj 0 ->LSj < A jJJjjI (^La I fc (jL^ ££,ill <Jj_8jJ ajl_i-4 O_:*J 

.dL^&U 41*.j 

<^-»j I j a a f I < jJ/ 4^ a il I ajjia^jil jJJjjI luL«sfll( <-■$^1 f 4 1~>- J CiitS JlSJ 

Cuts I « 4-oAaJI a>i^».j (JS I—aitjJ J>4_^n LT® _^L=a_ii I ^c. |waj ■-tin. 

a 4 hqVui jLuil ~a i- ni l ^UaJ c, OjI^ J ajLtSJI 4_ijc Ja ■ ■■ ! 

J-ajj ^ <j( (j-i*-* Ij-A ,jL$j ,j_o_flll ^ Sj^-aJlj (_gj - a a ll jljJLI jjJj Jj_4-£ajJl <LlaajJi 

4—flUaJIj (ji-a-ui^VI jiI i A. i ...I i j|j^J| ^ I U*i .- Ij , j a a! I — L... ^ If jLa^_j_^_U * f i« ...j 

.^jVl jLttU SjjaJlj jaaJI J[ya. 4 jjj^II ajlyJI aJ^a-j aj_^.^ll 

f\W\ Y1 oiiiaf ^jJI Y*\ ^ la» n ^Jc N 0 

* » ' >lbj|j A aa JLtt ^ix. j\S ^jJI *('\^TY^ ojiuu.j- SjL-5 cua» 

^ n a i /*i o jjJj lunar rover <dI jjx ^ <j » q d Xj a 1 ^ ^ \ o jllj >) 1 ^ aqj 

jLjB (j.A-A)I u ^j_o (2 /CLIcai J 31 \J * j .ft.fl II n JSjjJI 
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' Q» I 1 <JUu1j iiLj 4_»-SjJU Ijjl—fl O-Sj .J A all Jt-laj-u ^Jc. (J.LIj_OJJ I JjL m i i V I 

. IjLoVA LfrC.ja-% a 


d)l \ n » cl .-A all jljj ^|j tjjLflJI ^rjkm ^Jc ^i±l^ Jaj tft CjIjj 4 "i i f 

■t>=jVl ^Jj l$J IjjlfiJ >aSll JLJ^a i>> oLol^a-jLill 

dJjf « ^Jj > \ AVY jummJ jii ^AjJf jikui Ific. Jajx* oljLf. ilfllA jfi fJ 

J-S jLuiiVI JJil j] iAIjJI j< |»j iol < IJJk |t£jll ,<ia^Jll ijj jii 

i*im^ oij(j-i Jij-t j« j m j ,» * i ll jjl o^II 4>»j J « »»_ > 

.. JaLuull Ijfj f. Lilli Jl^-Vl jliil J JjfaJI Jjj 
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d . .Lall cIj.-ftVI ■** jjl flj ■ i*i ii l i i 1 1 

. N^Mjliiliulo. j^ oll LflljuJI ^u|«ti 

.ULj|S <iUU Ij'iiUn JjaJj ju«m)I oljjjjiJI ^ilS oiaJI 

1 a> ^iuu Cu(£ i^ii^Vl JjLUc. ^tljjj i jA pi ini jljj Cil*i~fc ^jll ^IjVl OjLajJI CjL£jjU (Vj 

.<,)Uui ^Ajjf jl^ aI ini jljuJj' j^‘ V f*j 

^IjuJIj Jjl^uJIj ^»j(j"*n LAjI <J^au jjc jl <Jjjtu Oil in< :ULa>II <^jII 

. jiLl A ‘*^* p l.iAillj cllftll ^«^(i .OjIiAjII 
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j-uiLzJf J i M 


jivq ,mt) j-0 4-aJjJiJI «-jb^l^-SLJI 4fl^x4 


fUaill J^ULLu.1 


<_U* tj® OLS^rf <3^ 3* i3®-* *j-«-ftll jjJ] J>*-> ,jl iji i II jjlc. jLS lj| 

,_yoj)lI ^ya J~w*il £_alij-JI t<jjl cAall Cj^L-^j Lj l-fl ^lJI i_SjjJ"JI 

a ) 9 l-i*i«* yac. fiiiit jiiii ^Li i ill 0 -oU^JI Ij^k ijlo a J-cLfl i-uP 

*1 -t-...~ilL I t al *n I jjb jl_$j .aj_^.lj V| Ii/iTi JjSj ^4_ijl jjJ 
■( J i >ia l a l.jirf^a jflin ,..ll^ <Lajlalf JjVI Lol ^ I *^aM ( _ qI .t .K *...V 


< i I *\ JJ ~v ~ii ijl _l_>}L-fl <A LsjV I I j-A <1 ~ « ^ -v •*■ iti ill jkaj 

<_u_aj O (£j-a l jJc- a I i/attl I ^a < -a.ili u ajfcj) I ^11 j* j I n C J_J I j I M.lf I ^ it-i*i i m 

j- 0 >Aj 'Jj tiy-a ^ya ya^ I l 0 -jbI, I ■*> *i i ul n i I e I A-ra all ^a ... J t *j\~! \ I >■■ 1-Tfc. 1J <4ij^Ja 

. <-o ja~lo «l .An ^ye Jj ., I ■ Aatl ^jg <Lajlj Jcl j£ pLijj 


->“® jV \ fl^AJ |U ) space station 4 -uLAaII I^IU^n J^l *-^"11 ciLVjil oiiLl 

(jja cl i A flll J I jj c {jjVj <<LLj^Ja oljluul p I ■ ^ ^ I f pi 5 ill jjfcl.wi 

^ } j *h Skylab i__»V I m Cm a • n ^^J-11 4 * J .A all 4 L-wlI &SA J . \^W ^jl_a 

- IjlU £ • £-1ajJ <(^UfljL ^J| ^ i nj nj ( Ijli-o T I^ A ^ s J f '3 lja-o \ 0 L^J^ia <j I^LjuuI " 

Cl L U j .cl I nfi ll J I jj i J*Q 5j^L» 6^JB ^ISlriLrt CiLu^LIa *-jV ^4^ 

MM* P 

<_j_*UlII icj n 11 oI I t j . Lq^j <LuLu SjI i_j 'll ^Kni jjji J **j("11 

(jj ajJ^Vl 4 o .^ 1 .1 |~|I n*K lj . Lojj OUjI <iJLi]l ****J « M ctlkj « La^j (j< j <i n->J 
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(jic- 4-uJbl A J al« M ijjLaJill jjjo JlkIaJI Cuj-^I JJj . \ Wl jjljj-fl A 

jLiiiVI <3 J jjl S^L 6ji dJj JJUj 6jlj 3 fl Ju 6ji lit J^LlaVI 

jL*j fJj « %» ^-LLIaj ^jIj <OjjLJI ^IjjljI uij^ta ^LAill yi fsLLjJI 

•4iJSt. jl «U-»I auta> J^LLa 

J - I'll 1 j *Ufl jAjVl (J 3 —jl>" ljV cJla (iiJLill Co^ll JJU 

exosphere ^^ xll ^3!^ <oI^juuj 4_j^ ■■" |Jj 

^ OljJj Jayi % clllA O>1 ^ C.11 % icllj « 3I I^Ia£ Y0 « ^Liiijl ^Jc. 

.<jL^-ill IpIftSin*ij l^Ziilia t^iykLuJl ific-Vl «_ s>Ul1 I 

jl^A> JJaj ^3! oV ^I^jjuI Ijjla jl^j < L^^Uoj jix> Oj^lo <JL=JI 6JJb Cul^j 

j i i n 1 $■ jlI Jjl I ^jja ££jx!I (JIj (^3 j mi f Cil^J 

• jlcV 4 ftftinn 


I "k*ti 4 i i mi CulS I A iifl t nil j-^G * Ja^ll 

jt 6 J 3 JI Oit 1*3 l^.laLkxu ^ fll 4 tm a 1 til I CuISj — joajuJI OJxLlu (]/Ai 

OjuOjjGj t jLLsJll ^jjO >LJi J^l (jJjUl ^3-aJI «_ A^LJkJ I JjOaJJ (>% ml ^^Jc. — jLUil 

. L-fljIa ^jlS La-o jj$| jjjljJl ' 4_aj(JLt uV 


(j* j- 3 -* t5>f* “ ' u* o- 0 oL < \^VA 

4 IT 1 i i /*nl l jLaJ^f I oLoj JJj . L^JLj^jjV Jjjjji |^a clljJh ^uilj 4 \ ^V*\ 4 lm La CiAj 

4-*33J oLjia J a'V.j ^Liua j-ai Lajic. (JaS ( jjo 0*>J $I Lfcjl^aJj 

■ l 3 fl till.} £joj . JL4J.I J j * « M ^yJtoIjinii till.} JjJft ljj& J|dO 4 mIiII ^jallil 

GjLxa Ct^Luj ifLiAAll i"tfl 1 a* jLuuVI 4 a 1 l^j f^jui CuL^ 

jU ^ ^NASALuL ^jdO CjIAjSiH C^Laj .jfijVL IjjAd Jxll < 11 Lfjl ^a rLxjVl ^iaa 

4 *h r n* jfijVl uV ^ 1 ^ 1 ii u * ^jl JLl^l jl^j 4 IjA, dilj ibjkiA J ’^\) * 

« 63j3.1lI uL t ^ fV l Ij^j jj tJlj 3a ^£.3!I ^Jcj *1—1^ 1** JIajaI JjLu 

o.i/*U * ^Ix* V£^A* oV ^(^ui cJj^l ^* t ‘»^ 3 J 31 \ 

J)1 ftiA jAj j*j *■%I3J L^ui^ fLaJjJI ^li , V£^A\ jljll ^ jAjVl 36J 
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<j| jJlC. I nj -* 1 1 (_j-S , ln3 m i J-Sj -JaJ-aJ.I L^-coj-C. 

.oLLuaj ill £jij pJj jljjual <jI j»jj . LJIjluul clJ ~i n-» ^J l^-ilj^l 

d J L* ^ ^ t i * ftj • ■■!! jL^jVI i I* il 1 1r I—i/i o \ \Vo ^tx Jja <cUi^f I dr, 

^ K.-.l * i -~~l I oLy^JI ~>~u ill Jxa oLLuJ.1 aj-A ~x m~i ojLS clflj . 4 ill i A all 

(Jia 1 [j«~l»~. ■■ " (>~1 ■.■!'■■> . UiVi _)j£l i ij jai; JjJaf iilxj oljJfl ^jJc. Jjilj i_iV 

> -»-J ■ .^Lc. ■ a .^-1 aj-j flJ 4 l.olj j a jjj <rtJ cl iaflH jlj-il <j^Lj ^LU 

^IjjuI <JLx pLukill ^ dljJ <L^uuu J-Uj jljj x^I 6 j_a ^. i ** ^ 

4_l1a£. jl j i\l a* 11 Jw J^LJLo <jI Oixi (^>^1 S^OJ .^LoalLi <jj-u Jl^Ja 4xjjL^JI 

O I^Hil iJ-ajJ ^ i* 11 ^jLuuVI 4c (1*1 t a I t Jjjf <dj^.ui V 4 jI I J-ij 

_d >11 .^all ^LuJI ■ ..^.1 I^Jlo all V ^ill <jttill S^iiikJI Cul^5 .<LuLuaA uJjQjia 

CjL%^b " * « a j I jl -“k*iVIj 6 X.rik.lll CiLiV^lf ^jdO Ci jj Ja <_i * «»JI 1.1 fj 

jjlSl \ 11,iii ,jl j-o^l OISjHI 6Xb^ *Sp3CC SllUttlCS ^ ^4 _uLu3lA 

pI >Aa|I ^J| jflijjll I j nimni ^ij t 

^ flXfl oVjl"kx JliA 0 -jl ^3 < ■"»! 6 J-C I p Lk^uftll d<-^lj XAj 

Ja^lj (Jia-i ^jl ■_ jJLxlf (Jjuum ^ I* i . 4 _lLaII J^Luiil J-SfcL,*UI 

^A < u A X4i IL cuIj L1xuj_o ^4xo OtJafi Y*\ * * * ^ cJ^Jtl i jli q I^ji i all 

^-oj ^ 6 J^*JI ^ <^.-.. 11 j Sjl^^JI 4 -i^LaaII ^_A <-ilc. JJi 

l^j ^ 9 X 1 4-uLuaA 4-Li.^J A.it.wll CjI jjoLiil jA tJjill IjJh ..\flfl <dlj 

1 aQmA aflUa 4 jLa 6. * Elfj 1 <j^jjLojjj| CjIjLuxI I j a * ■ ..1 ^jJI < pLoi J Ijj 

.^Vl *_i]£ 

jXflJU i£jll c 6 jj^La AjjuAi dyai ^aLjj ^xLi J i A * uxuJI IJ ^ (3 

'djfVl d-J—*— in "i ll cl^-o jJil <<jl—4_ill _ a j XJ 

ciAjII y^Luij aiju JxlAj t \%A\ Jijjl W Columbia LxAjly£ 

Q.6J <4xuJI d-tj 6^i luj ,4_Jc <LaIjIL ‘ 4jaVl Cu(^ 

Sj^ alL Jau J^ Jl i!>° 
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.*i. i <ij < 4 i O^L_=kjJI Jj-o Jj^JL 1 j'^LJal c-flj i ii <J mi j~ix (J^°n5 

^Jj oSLi.1 oLjjio ,.i.LJj jIj-a ^_a <LljcLlu=JI jLa-jjVI t—aLLiV 4 oLjJSJLI 

^A 4_lLo_JlII 4^LJ I ^j-a LflJbUal AJ V 6j \ ^ plaiswj ^A JJLt I ft ifl I d i i^jol pLAaII 


6jja 


^Jc. t-JwlC.L jUUlJ pt- ‘ ^ «*«■■. i_JkJ | ^ "** jj 1 J j i *U * Ij-$j ^LxaJJj 

.i_aj^il I e 1 *aq! | |_i] I (j "v *" *.» ^j]l QI qj lJ I ^j-a 6jlfl*imVl 

,Lij_^ jl ja.ui.mL ^.itr> ^1 solar energy $jm n.i.ll 4 jbLUI JLa * i^Li Jaa 


jJj^Llllj < JjSU 4q[UI1 j U/> n*\ 6j_1_l5s <Llk J fi*i* * (_£ jl I ^4.^1 i JjA^I 1^9 

' L) *J ‘ “ *^ 4jL$-j " **- jcT\ ^ ><11 4aLLJI jJ isi a jUAJLi ^A]! <4 -i-^LL 4 fli^ i 

4a l Ult jJjJj j ^ * v* X di...« .mI I 4 a l U>l I j jjU* j-vi >Vn^ fjJjLfliLi ^j^A * I «I 


4 \ i -Aj | 4 U-v fv <L)L_fl *■* M <J I £tJaj-u J.iC 4 ii ii n itill 4_fl Uni I n, ‘Xj 

■ fc « >U J_oXj l^_iV I ^A 4 a.Luj S^juuiC. I 6jJl tnflfl JaAj lJjjuj 4a 1 l-ilI 

f^nfljTil I iiJil 4 > l^hf^ ^j^slaj ^L-a]I alj^-M - J 11 a < ~ *H 

* j >«I I > t w I*. jXl j^J I (jLS I ft l^j ^ . ..I I (_j«i n iTill OJn i iI LaK Ijjb 

.jUJI Jl 

d . ..... .^. <flUa d 1—v ^ ■ ^sj jjx^j * * & * * t UU*1\ ^ d"k j I Ijjb 

photovoltaic cells (^Luj .A Ulall L^LaJI ^ya 4 ajU'io <jl_fl j I J-a 

^ ... rt.T.tl ^I t iTiV I ^j-a ji ^ jJA ^J| <J^uj ^ * Mil I 4AfJall 

4-ojI*>"i11 ojljlaj IjLs .^^Lia^ I ^j-o oJLi_A Jjl Cx^ 

^jmaJ.1 u* (^jAjVl jiJaam jjfi jIajJ^ Vo • . * 

-cIjJIauVI lai. ^L5 lj ^ya i»i JjJi |>.jAj Ljj| J^AJJ < U^JL^ 1 J^ 6 JlS^ 1 t ~A > < " lfl 

^jj_S 6j ~ « JiLA JLJLi Earth's night shadow ^jVl JjJ Jii jp] <-^>.lj^ >-ij-wj 
JaAd A^lj ^jaauI SjJl ^.b ^LUI <JU i_Sjauj .J 1Q~I I i i i j jjujLb qJIjjcVI 

.4luJI 
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<jUa j lj a <L-iJj) lAUlflll L^UJI ^j-a <Lo j ) \nxn t jJ_fl JJDj 

• I ^r.iUin 6J5-3h^Jll 1 j 1 ll* ft ^j-o jJlfJl t^CLuu ^ *h‘l l p L ^ j ^ jjJJ 4. ^ 1. 


£cJa-uu ^JI L^JLuijjj 4 jLj-AJ OLaj^ j e 1 nft fl 11 ‘Li jlli I e Lj j^l1 Jj j ^ i j^<uj 

.^jlxfl ^juauJI '■j*- 1 * 1 * O-i I5l jJ La-o <UljLfl 6 j^ uu I fl * '***- * jioj liua. <c >ijVl 

Jj-o P I ■ A a 11 I *»"**» . ■» I 6JJ& 4.J. < n ft ifJI 4-flUall oLL^_o 4 J i.iiLlu^ 

p IjujuVI i c ill ^ |lu L^jLula| J^^oj iCuu^llj 4 aKt I J|_a£,V 1 

.^ajVl 4 i*%ilI 6 ^LuA^JI ^jja LlujLuiI Ipj^ ^liuuJ 

J" pL uujj j^a> i ">t pI ^ 6 JjJLa iIiLuila <uUfll Lu^jI 

pLlAaII ^ j_j-q \*&~. I iAiI ot au| ^J-oljL-o ioUl ^J-SLojj < I 4» * < U« d *^la 

6jJb ft inn ,^y~kj &I ^ 1ft i ii L^i^LiJl—o J_r^j Jj I | ,J « '■v " ... i . .i * J*' 

.hard vacuum jl, aVtl ^ Jj_flJI) pl^iJI 6 Jji ^ « jjx j«,*l *---* ^j^*l ^ ^-H 

pj i.^J LuajJUi i.n^ll Ijl Lo ^jJc. AoaXj I 4~ukA£h*jJU^ <LJLftJI AjI^aJI oL^jJj 

pj «<al j^jju La lj| hard radiation jLLJf ^L»_j^yi^ <<jc. ^ « _ji ^*il 

u-flVl L-qI i na i ^ ^"i ~\j .<L_ujL_=dl <L_Jl_=J I i Qjjj L 11 j < c jxL.a_4-lJl 

fjA SjJ l"l"fcll pl^^j j^.Tl Cu^ <6 J-Lfl-O <Li-4-oLL J » P IJj-0 O lj~ I 

.^jl^. m lL £t_la_i_u L$J j*>\ j_j-q Vj-i pLAaII 

Lj-J-fl *1 i nj j <OaSVl (LAjLa 6jj w"n (J-a-JtJ ^oJ! <<C-iX.li 4^11 JxLjlII ^ya JaJjJlj 

Jl f<JLaJI 6J-A jl»l-o 1 ^ » n~>j J)^Lcu ^jL-ljuIVI 

I j i n i ll Jj-o V J-j pI fill <Lcl ii.^aJI ^_lX»L 1]I ti^LII pLI, jit I 


J5lj <—fl^Liil J-1AJ 1^ ^J| (5J-fll <1-U P I^Aflll ^jl ^_A I jjb jJjo 

j^o I p 1 «Afl lI I j_A Jj| I n^ <JI^j^oLi oLpoj JjV J-ixj ^ ^jJI VLal^.1 

(jA oLliill (Jlaj <3kjJj oLfLillLi ftjjlj ,‘n^iia I jl <(£_}AaJf i_4^lajl 

4jJLc 4j j ~k t n t I C»l n\ m ^1 1 j^o . 4 «.... .*.11 ^Lyi I j Iflil ■"« t ~p pLla4 

^jSl a ^yjl ^oLlLa-lV I ^ ^Jiifti.tjl (jjo JI j-h.~Li.mLi 4jLUII 

• 1 4J» i Lhj 4 11 iioitilI 4cja^ 11 r jLL 
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^ a "i ft qIj \gja Jal i'i I pi i A all LaJ-cI mi JjLa < <±llj ^Jtj 

Ljj lj>-^ ^JSVI ^JjC. Lb Lfl-Jj vUi lx. Lull I (JjLJlu Lajji < I ^ L i jjj£| ^£.Lu^ 

■ ^ Lull I £-aiJt I u^jC Jil (^ilj-^ juiLJJ 

Ifll.flljj £-Ajll ot.i.n'it I Lg-klj ^*tll £ L^^IIj iiL-ujiJIj JjjIjlLI ^jli. £>S-aJJ 

. L^lj ijtsji I ^c]">«ju ^-Ic. L^JUijuuauij ^ I j j ^ fl H ^j-o pl tr\ fill 

(jA-ahJL^tll 1^ ^Jbj jn all ^C-Lsu-u ^Jc J-1C Sj-JCw^ll 4 11 tt\ i „Vl ^JboL&llj 

<_fj] iaJ-u<J <(_K»jVl ^ rkx ii ( _ f Jc, Sji>J Ja>JJ IJ 

.jjoaII Jjjo JjljI <$_=>. L^_l^L1^ ^ulJ ^>0 pLAaII Lxa^ljjSj ^jS-ojj Jj| 

— ^ > f 
jjaTU <<jjUI jit pLimiVI j)C jlc < lj-i^.lj 

J)jo I * • * ■**- .* ta* .„ * ... L^V vjjAjlJI I d £-a j^jLaAILs jj^jVl ^Jc. Jjj p1 1 A all 


• # 9 w j 

ujj ^II Ll^j jjlxi l«^ »** LulaJ ^Llt Ijjb ,j^j uijAJij .^jlllll 

>, Li« II Jja uLlmJ _a £-l^j ^Jj jVI oLuojj <Lj^Ja CjIj_j—* i <Ljj mj ill O flifll I 

"Ls^j ^Jc <J > iti ll I <jL^_l ^nVi Lq j jq < l-l.llI ^ *»" ■ ■■ LgJil ^ya ^Ullj « 4 jjjlj_ii]lj 

• ^Ic. J^ i 'm ,_yajVl 


LJLi. jJUJI ^ifij JjSl i )frjobU u* “LtajAA <Lxui 6jlaj IOA j>l n -ijflj 

tj Aa.tH I $ £~° ajL*-H9 yJoaJlj oltljjuJI J>ill Ajjj jJ « i-ij-aJI 

Jj f.^yQ-aj J i /^Tia dllA JjjSLi Jjlj 4 , a_»^ . j v^jjaljJI i_ij_u»i ^>jA. Ja.1 

• U ji o-%V l CJ Jt <_>J_pJI (jljjj 


Sjbjll 4-jSjS 

15^* - o^j^* 6^ .y if*-^ ^ 0^; 

^ &gj~r>n J_*j S J*j1 jJI La (JiVl aIaj J,l Jjjjju J* . jA.] jjJa] JUaj fJ — j-aill 

? * i j^j SjaiII Jl LL^j ji jiu 

.<iLul( jij li^klj! ^lll 4 K »t,t I 


218 



£ • V. • • yjl V”0-1. • • jj jijVl jt J a. a ll Xu yl^ji 

JjtjJL jjttJ J-Sl^yJI ^ XJL-JI IjJkj .6jlj_c (yi J-O-SIJ fjl*- -X*_JI IXA i_iS>%5 

^lu|jajVl 1 ij% a 5 ^j» 0 , ^ jt Xjj ll liujjll yi jajVl jt . 1 fl <j j Jv M 

. ^ £ • • V £ yajV I £»■■*•» 

No* Ju \ Y • — \N • jLjjiu 3“° jujAjLui jfc ij oil ^yjljjLi]l II ^ inul l 

i£ajljyjJI £ju£J>1I (_^xJ jlL jij OO^ft yj « _jAiII jc jajVl JU jftLiil JjS <lui 

.^jLuui J*j (jc «<Xia. Sj£i (jJc. J[jj-iXaJI 3 * l yjll Syfa-Vl 

Jiij rNN>N 4.*11 ■! bjja J^V uj^mjl~ill J-JJU. ^li^luil Jil j£j jijj 

yj 5—5 li t ic.1—ui JjV (NNNo-NNTN| ijuijJi jl _i~i mj ^S (fxJj jH yjL^ill 
ylLkiVI yN Iflll Jm aj < u^ljUl jLjuI Jj.< *vj <-tl ([’ill yJ ,jSj>I (jI < \NoN 4 UU| 
Jjl MTV iiuu ,yi (W\ \-MYo) jS^a-ojj 

■dij xu VI iuiAull <c.ja^JI ^.iiiLtll ^xll ^ ■ <Vji ^Jj .jluVl tj^J 4ljxu 

yij - ^Jll ftlt l H ^j-O 4-U >aJ I ^yAiVl l_j£lj£ll <CJ ft% ft cj(all Jill" yjci jujxlj 

:l^‘i» 4 j)Ij iJLxAj < ^aill jl jajVL j*L*JI ^yjl mi^ll l^-JLiSyj yj 1 j ui jSSVl ^ly&Vl 

. Marsel I j Venus 6 ^* 3 ) lj Mercury j jLUt 

( a . 1 » 1 x^-j-uj yJl ujjVi yi C^Lili ■ 

jljjSj l .aj i* j .4 i rt l -^ 11 I tt^l ljlxj ^yi SjJkjllj ^LaJI ( yjc ^» ■» 

■ ' 1 ‘J (jjSu I 1 ) » H J-Ult I H itt jyjj Jllll itlll (3“° 4 ^aII Jttlj yj 

YA^ . jt Ju V I 111 iiLJLI jU idlj .j^aVI 3 *“ L»,*IxaI jLjuu^j 

* oY* ..... J*j yk 4-j i 111 n ojil XCj .jl»jli$ 

4>* A.x*j ^yit JjLUc o>%> 

!* ■ '< .»> j« Lfl X» i ujJl Xe 6jSjll .'i» Sj 1 a.'ic yjoj ij^j yjuuj 

•**" Ci^ lj «> ^ •“* yA ^jVl yC jaftll XU jJI Ayft No ,N Ji/IJ 

N NN f N yajVl (j* Jjllafc AUy lyojVl jL yxJI JJU jJI Ojj* NVY, N yojVl jt 

(JaM jwLji yaSlI <ia.j £ <£a. <yij jVl Jc yaill JJU jjS 6 j» 
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jjja 4-Lk.jJl iiA j i *i-t~ ^LaJI I \ »lj 1^*1 M 'Jjfl *" 6j—Ajil ^Jl j a ■ -H 

-4j* , v>l I j»4II 


^j-lc-i I d j a LSj £ < t i j ^JIj-jJI *JLa Jl iJj-^uajJI ^Jc. Ljjjxi cul^ IjLa <^ilj 
<dll^A ^Jj Th .! jJLxujj I i* i f I > ■ i i ll j*.,V»l jj i a }Lfl < JLaJI CxSjJI 

aia jj jo uja]U space probe (°^L»^attll o^iL. \ a a .ellj Uxi <« « jJj«_aJLj 


i^Lttll 4 _lu3ja g-itjjj OcL^.J) fJlj*]l 


Lj-o ujj "i ft-i J -fl .jjlj i «ill 6*i-A Lfl.i jwj.fl i ^IlJ 1 t-x£lj?OI (J[^l ^jL^J 

. 4 4 tl ft, \ A oLoj.lt £i ^Jc Jxfillj jjljxJI 4\ ci 1 .^-S"w ^ <JL^ 4j| |jJtJ t Aj * <AjJj 

4 *vl-> i ii ^jja ^1 4 _ijj V i ji i «IL> Ji tLo ^lj-dl ^Jc. SjJhjJI ■ ^ j 

^jLJI ej iAH jjit Aft "i.al.^1 iAj *J-A ^JJU Ia^a rA »J 1 ^ I .-.I ■j'C... ihll, 

.jjjjiLaJI d a w~ ■..i jji »■ ^jjl > ** v jH p LluJI ^jjk jjiiJ 


Oj—1_^ Jjl—£ oVl J-iJ 1^11 _o t i i u . ~i ^1 « N ^V\ <j —j (JjIjI jj-4 

^ I a 11 ^ LajLi ^ ^Ljjj 1^ oLx^o oj Karl Guthe Jansky ^uuIa 

J_o t Jxl a "ill j-ij^ >xil I & -%.VI O-SjJI lillj (j*-iSiflll V 

•<_»j-ijljJI oL=^>il aiA 


jjjLljJI 4— jj-^JI oLlLLjLa OJl ,4^1511 4 -JLLjlJI »— jj-^JI 4jJ Juii 

oL^ll ^jAdLijj J-ijIjjl oLahj-a jjdO Li i 4-uj ■ aL.7. "^lj fl ^I 

€ Ij-iJLco ^ jii 4 ^jl <j-o ^^lcj / microwaves 4 i 1 ajJI 

. jI 4 jLlqjJI ot^jll ^ A JJ oL^ja ^jdO y^Jo J^£l Jl^4 ^Lfl 

dfliA.1?I oLhjl I fjl Jj-l ■ (jl oLkJ-O ^ llVtf iM ^ ^1 

"JJ I oL^jl 4-1 1. Ml _o J^LluJ 4. ,| li^JI ^L^a^VI 4 kuiljj ^ju^jUU jl j5uu 

«l>|jLlll (ju A a <11 ^ojJI «L^juj(^JLiI J 3Lj ^ ■ ■■^•'*1 i oLa^II iwiLubi^l 

^J| ^Jl tf .tll-. .1.^11 ^ m-^11 <il iiLfl t Ui^.1 j^fti i/ill i^aLula^Ij 4Ajfljll oLa^jil 

*^4JblaJjl JLJI L^il^jul 
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<Lo j Lai | cj Li_u LSjljVI i s I ^ j o La.d L«-uj j ^jjJo ^ ^ I j i^J I d* 1 *^ 

v jJMjLLl)j_iJI ^1 LiTi4...lj t a.J i Qa JL5^° Cy* Jj* (3^J ' x n 

LuLLxijJ iS^yt-o p *u\ ijA ^ jliVl CjIjjHJ in*i H jljl^JI f 1>V Al j ill J^La. * 

. m. fit 

Ajg -vV I ^Jjjaj jljl^ll *Jj-fl (J^jilftll jLflTnul <<_ajLJ I <UILlM JLXJ 

^ ^^jjjl^Jf dial I fie dlj * ■ " v ^j Lc. CjLa.^-o d -0 ^aHU ^I 

.radio astronomy 


(-a.Vl fijjjJl ^JJ oLa.j>-* d* JLl-j] <JLiLI d j * ■*«■ jjitj 

^L?^ *“^f j 11 **-* qLqLji^o L tfc \-n. i . [^ j <ft < >* j iJLI oLijK<.tV11 &L u!l\ 


^ I fJLajI ^jLS * \ *\ £*\ <j^-u ol jjLUI oLsLu-o L^j jj ^ jj ^HlI 

.^adl d* LfrjLuul*\auf ^Jj£u^uj 4jLiiuJI oLa^jil d^-ujj (—\ *\ • « J ig Li 

oLa^^-a JLkHjI i,i> <dljJ 4 "v tVij * a, ViA Jl f l^a.Vl d-® ftjJbjll jyx 3Uj 

* 

IA i * ^ A ^ju L^jl.iV f jj \jj& w 1 >aiI _ * * *1I <i i« .i.\j *4 ju» LflJI » a 1 • *■ Ij 4-JJ JI^J 1 


oLa.^1 1 d* f3^ JLioijI fj < \\oA 4 \... ^ia <dfj d-° fc^Jf .4_aLiij^l 

4—fl l .j ni l ■ Vj \ a"i d^of dJiij .4-i-o f jL&ll I i o~ ^Ij J ^J| 

n j dlj k j-»j JjLu^IL I Lm ^-Sj a jj~ i^-i.i t^ojVlj SjjfcjJI 

-JjA (_^j jjc 4-SJ jii^l i )» ^ ? j^u- nif jl o 11 otjL.Jll i_jL<m-^ 

L« J 5 ' iilll •, 0 Jj\.rw «ZajL^ OLit i.ul, 1 6J—A ^jl 


. JaS ,jj> 

jjd. 4-a.jJ m-% . ^ M CulSi Jjj-i «5 ajujI l.^~l. ^Lma.^11 ,jl ao\j 

(ji J.. UA J Cia. 'W ' tjjSaj « JaLit i lI ^_ya ijLjJ jjJc. ^ LiaiiVI ,~i^J <ij->jiill 

£&aa^u <ili < 1 .-. ■■•> C.1 •..< ! Ij| dlj • La Aa. JjaVI ^^Jt .jaj Cil-^J-a 5 
♦ L*> L i i i > jtauaj <jji jJ^I ia-jja *li‘i~> i <i Ijlj < laj.1 .m Ll^ill 


C>*!a*> Cilaa^A p I u ^uoj I Jr 1 ^**■ m f «5« SjjLJI ja.Lua.Vlj 

LjD Vj . U r» l < i . l 1^4 - a Jilj (^jLJI cju^JI oLj-o ^yo (JjJal JJJJU J^ill ifi lja~w 
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^ < Jjj| jfcm.'aJI jl^ I aKj 1 j a I n~i 11 juJL * ija_aJI CaJ oLajll 

Juj ^ya HI y ijl^ Ca>jJ .tj.< ■v'i jSlu) . In» iij-ltl J_^Ial L^Luijj ^1 oLajII 

. 1|H itij ^jJI 

.-.I . aC ^Jc (J a*i iti j <aj1I lli^L < I ifiVl I UftJ 6 j-ftjJI jj >rtJJ 

^iJI ■ •■>-•••11 <jj|a jljj^.1 4'i^fli V (^jLsJI c junll jjLS llj 14flji.dl oU>jll 6 j_li^ 

.<]j^duu ^ aj oUjil » i^^ll <i» fl l a i 

li^Ajtl i- ( jdB jjLall <Lu)l <&)ll ^IluI Juj J_ikl jU < 4Juju 

Lu <JJ ■> III j-J^I Li_Sj-S J-5 jjJkjJI jjl Jujtl Ili* (j-o Jl—aJI 

■ jl oAjil dllj jj-fl jUaU jjStjll 0^9 Xa. ^Jl <jj ?k m j-i^l - ihau 

- ■ -»■■•• <Ail) <jlji Cul^ (JLj jj Lfljl i *l j ^LiII ^j imiil l ^ij i_>^il Ojfl 

< loij jjjii V ju ^jlaJI ^j n A .i t ilI rjjid ^Ijjl <5iL* JjSVl jit j "^ * i 

. IjJh jallL ^jUkll Oufljll £^LluJ j I J >>_ l 

^jjdj^ull jLaiVIj j jyj ll CiIjVjII ,j-o JS 0 |4» <<JLlll w>[)iuJI (jX* i^JtJ 

JLujV InUy'i 1n j in CjIXjj ijfljVl J)A jlx» 4 jf l urt jl*j| LflljjJ 

-5^1 *r4jS (jij 

oLVjII filial J_gjjl iX jjujU jA jll ^Ij jjLh JjI 

<_il_ uJL <L y jyi» jl m a Jjj—* jilul X-l) NXXX, julim f .l XV 5. 1 y i ll 

jl^ Ujjc «XXXX ji mi i j j X i (ji ^ij.L ojj X • X jujljS XX>. 

4 j d0 4a iU juLa < _^j-o^JxS> oA.* j>j i ’iiu» I ny. jajVl Jn x« ij ^LuJI 

. jjajLS Vo • • • 4lLuu »jijll jt if i*i uXuJI 

^jliJI 4 a .a llI <a^ll ^Llu| jiuAi ui*jL,L. 4 Ij 11 *j| y Vl In'll ul 

SjJkjll jbku( JjI |uajl jij • l^-yt'i‘( jJa ^IL ija 4y ij lj (JjA rfy l a 1 J SjAjll J>A 
6j^aVI 1g" ^jjl 4a t 5.tll 4 >j «ll jJjVl Cilu(iajll jIa 4j jy j i ( xil 

.^jaVI jaljull tlllj ^Ja iXijSl jij ijajVl ^jJa 
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£jLO_a. <Uu^ ZjJjlAJ ^jaL-ii LJL^. <JjQ l/JL ^^Jc. (£jH ijd&J-Jlj 

(Jail J_iUJU 4 ^jQj <*= Ij)_j_*-mVI JajL J if «(^oi&all jj-o *—»^j-SJLj <6j-Aj>|l pLaj| 
4j^JLo 4 - 3 *jJ £Vo in nil <L^jJ J u^ aj ■ L<-cul jL^_lU (JjL&II 

j-jJ i*\ ill ^jjij L^_j 1 4-^.jjI J l <j-o j .i. *i *(4 j"i J 01 H-A ^ * ) 

*CT^? J*M5 U^L^IIj 


j| jJ-jj it. A il I aj-A jjJI i <i Juu IjU 

•cS3*^ iJl ^ 

~*>- « ^yJl ^jI^juuII (^o <LLuLu{ ||^jLuJI| ^*i,> > fly.i ill I jLxiVl (Jj-mjI 

tJfl^ jJlq 4alj i_iSj£JI *—i}Lc. I^JLskl J.’u ^ ^ I jj’tji L g-Aj L^_ 1 o jjLijI 

i* 1 *»*y <LLjJa 6 > 1 aJ cJlj-A ^Uaj N ^V 0 CJ^-^jLiIl »Ijj 4 Uni ^Jc. 

j5SJ £j-A„>H 4^1 I "fc 1 Ajl J.flfl it-tllj £-03 . 6 J.jJ.j-ti SjJb^ll gr Un^ CjjIS 

. 6 jjo (jULbiti ^Jl^ShJ I Jjjo 4-fllai 

- ■ 11 Ij^J JaAjJj Jj| i~i * |j 1 *i I ■*** -Uo *11 

t * t f 

Q< n^f J.flfl i tl 6 J A --1*^* UU. Lj^JkO j^ -uall O^uSjl 

4jl jJt I ^jJc. iiflmi ^-ill jii ft^JilI <*JW /*\V Cu^i^l jl 6^JbJ^II JA, 

Jlo UIjj I^ Ui n ftjAjll ^lJeuu JxaJ <a*\S Cul5 oxuJl CxijI^I ^lll OulVl 4,1 aS 

* ■ *^ « Jl&Ia jfcjJ ^jojVl ^.Ifwi i 


Pioneer Venus 6jJbjll j^jjL SjaGlI oLVjJI oilUl jl jju 11a JS jSj 

^Jl 6 J^Jj jjlj-ui 6 Jx. cJagjIj * ^ ^VA jim mjJ £ ^ \ ^VA jjLo Y * 

^ ^J X \*\ , *\ 4jJ^f ft-1-ajl LaS SjA^II <jl£j -SjJb^II 

■^^Luftll ctLjbSU 4jtflLiil 4xualf J^Liiuj 


^ \i» 4 j^ 1I JLjt ^IxiVI jol tnl nl ?i mla. j^jjlll Ji m^l ^jIjIj 

I jj** ■ » GuiJI (j^j!yll (£5^11 cj^LaII^ •i^j^lIIj** ll-*«jk>jli V i--** 1 * <idljl 

*U^J^ jL^all J^La, juAiiJI fjiA Jaaj I J Q ) %>i h^V I jj-o 

<A-ttil 6 jJa^ ^A pLftJI ^11 AjI^aJI 6 JlA ^jo jVl ^.nu <JUill -ClIjJ <%jVi j%«»a 
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<(£9-^11 <—[j* ^ I i A.il j^j ^3l Jj <<^9ll 4-Lt^Ja Ct.'u 

.jl^oll eljjl l_ALAj| Lo£ I i^JlLI 4-fiLo.a ajjtAi jj*»jVl J^JuJ 

y j tar ' .7.11 ^yx> irt ^I ft^A^U 4 A i^ll J >ui^t ^-»lj 4-1 ,ifi| £L-a_ixuj) 

^cJa^_u j-o p lj " "^1 I 1 OluiV f j I J—u • CiiJjj Lfl ^Jn i,n I Jjl&ij ■ ■ ■ ■■! I 

■ ^cLuj I t ^^ ij^JI J1 1 JS .I |^jIj J^)Ia jij^ll ^ \ \rT\ 1 >1 > V J-iJJ I pl_ij| Sj-AjJl 

tp I j a -J I 0^3 4-JLjLuVf jjdO J-ijUj JjjJU 4—=kjj ^i3j3j . J^-jj V 6j-AjJI 

^aJI J^L^. 4 jLjjJo J) ■ »« (: Ij ft -^11 ■ 4 1-L.tiVI jjJj dJLljb rr 4 4-> 1 fl ill 

4 ifl | J ■"■ ^ ^ I -LQ 6^bjll I »*11- i*O j LflJJ J) 

.JjiilL Ijl^. 

~ ^V I ^| ^ ) 4_ « ^L I 4_ij_^=Jl ftjJbLk 4. 1 If. J^ lUj Lo 1Jl Aj 
4 *I"v^lI. *j i-aII 1^ ■ *‘4* a^aLIaII a \ L*»1 * r%.\ * 4 * 4jV .greenhouse effect 

■ ( UI*iA . a JjjSj (^JaaJI £-31,^11 tjl 1>A j»Xjll CT^) J *Li^ J 


Jxl^LLu 6jJbjll ^lJoxJ 4 kjjA |i 1 iij ^ya A^A^il ^ljJjL 4J&juiIjj J^JflJI jIajj 

II UiL, 


J \-v".i. l J^aJl ^Lflilj J^julu 4 in^LaJI <— 1^1 nil 4jLxia ^x,^j 4 JLjAJ 

4^a^2k £J_j3] ^cJsjlmII ^Jc LgJ^-^J Jj£. i—i"k -j.iJ 1 ^9j~i l 4 VvfljJI 4_^jJl I ^o 

C*Lo jJjl-o ^j-^***t I <jLi3 jJI ‘La^lI £l..i-»Ti ^U *jj . Jlc. 1 . >“\ mlI Jfrjj ?k j ijuSxla 

O Lk^l I J *1*^ " * I ■_■ -vjjj . I I ‘LiSfc^-o ^ l-3t- i7 i (JIu ^cJau^aJ I ^jC. 

. Ijj^KiL ijulII 4 L....I yx <-.j ^n oUj^ * l"^** —&j c»>^ -jUIL <4 -iiijll 
^*>1 “ » ^ U«~ L^jLi ^j <>^11 C*l-^5-a (J^JoI 4fl ifl.ilI oL^ll Oil ^ U Ll^jI <dilj 

* ^ 4 tUflj V j 4 Mo l"«- »ml A>jjj«^ i 4_J I ji^laiA ^lJouJI JjI jJ LS 4jjuu J^lmj ' ' 4aULo 


ij 1 * i fl ^j-o Vjj CjIjLUI 4 I i t i j Jj-oj < J "i i4 < f- k * fl tjl 

Jj^Jj i^jl^JI 1 ^ lr> iA ft fj-a( LfJ S^Aj^ll Jl jJ n < jIaoII 

4 ... A A- ^llj 6^Jb^U OjLflli 4 -vL .J I J^uuj .4 —lLxIjII jl i*\ ill * jJ S & A j a | * 1 

.^LJI ^-ti »il 1 ^311 4 lAfl-^'J I 3-^^^ j-ft Ju-u! 
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Jjaj <ijVl SjJfcjll I4I0 Qjlu 1^11 4 n 1 ^ n- ill <feLJI 6jUIL iajj) 

**ll .t ^aj I *1 -v ^ jj ■*!«« • ■■!! ^y aJ I t n*ll *11 ,1 q Sj Luj jj -j ** ■ jljJLu jSklj O^Aji 
.^aalj Jluj jl^i^ 1 ([ in jljjlj i6j4j£ 1I Sjlill jn 4 a£^a rlj&l ia>jj 

^ fl“ij n ^Ujuij (Jj ■■• 6j-Aj|l (jJc. Xs-^> <4 i itiSH 4 ,fltvilL» fjtajJ I ^ n 1 nj Laj-lj 
^LUI ^a jLuijj f jlunil ^j^ji | IshtarTerrs l^u jljjijj ^ amjj jjj^j 

.(iuLaj >11 SjJ&jll 4 ^_iy 


^biuiiA ^ijJtJI LaVia^ 1 ftjjhjil Oft-lVjll 4 *>1 in n IjJJ jl a i 7 n| 4 aI «ii n ^liij 

4 ~ifl U*in l ji .SjJ&jil ^ » jiUII ~i 1 nil .gp -fl IjUjajiiX V , T < I i 1 


Id ~m jjk'i .Maxwell Monies | 

.J^ mil ^yC. J U ill Jni i^lll ^^LuJLl IjILajIll \ \ , A L^Lfljjl Jj-eaJ ^ * atl 

j^^ll Cuujdj 4 ^a jt IjILojJj^ T, V ^UlIjL ^Jcl d «lt-vll <1 i.iJ.ijJI 

.jajVl ^lLui 


OjJjj-fil ^ A-I . U-1 J-XJ_^ J-^.1 J d III ImV I 4 oU'.tl I Lajjj 

.(<ajLaj^II SjJb^il ^U^all ^illil ^ ojJj^I) Aphrodite Terra Ijjj 

u-fljJall ^jjg ixuj -■"■Ij tAj|IX A L^cltiLjjl J-»« ^ill p * all * l^jj ^*\* * 

I^ j X h j 0 * * * iiLuii <aihtJl iijl^Vl (^o " Ijjj o 

oj-uall jLwl II j ^ Y , ^ JaX *.>1^111 6j wfl JjjL^Vl 6 JlA jaJU 




<J 1 XlJ I I II < Ijii jllltiij J)dO <HjJll I 4»lj‘t->.l I J^Lill (^0 6jJJUA 4fllr> *>AJ 

Jl ^Liijl rTheia Mons juj^ Lu j Rhea Mons jujjjt LiAj LaA t j^l 1 % 
i-wL .i n (JuJJ-n Laj J l n*i*lj j5j .(jl^ljj JiljJI til /|j£ jij .oljlnjij^ £ I nfl'm 
($• lT° '_‘ V ^ (jl] U 5 ^i -ASj j ^ 4 j "^njji 4 -a- Ln -n (^jLLu 

C^ 1 


(j-» ^ a *- a f- 0 -AJ- U . ^V Ij (j^lj-Jlj 4 jli -il l J»uOLuJlj J5^_ujl a j_A J£_AAUJ 

.SjJb^JI ^cJau^ 
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Jjliap 


9 

JAj jjJc. l ju.aj Til I jJ I * Lo Lc .jj ^ti^l t J-l^.^1 I I jJb Uac u!^ 

# 

iij |jjLlat 4lui| Lojj AA 6j^i jjju^juII ji^ii j^-fl t jju J2l 

tjl 1j-Aj - I^ Aj t Lojj AA &j£s±a J>=^ J3-U <ll ^*W <ii_u ^jl^. Six* i 
. (j_gaII Jio) iju. a i ,Till J}£- I \ i*j Lulj JjjSu ^Vl 4 _^^)Ij LojIj ^^ujeuIlII <xo 

^JcLUJ jJA 4 I A fl I I I oL^jll Cj LluIjJ 4 \ ^*\V <LaJ-U ^ fl <Gl Jjj 

Sj-J-fl ^jJ-6 U i I AILj ^1 < LojJ 0 A , *\ 0 6 ^—a AjJ.rk a (J * * jj^Aj 4-j| Jijl InC 

. jL^jj (JjJ JjLLc ^ . t-1 1II Jjjo p^rw 4^1 Qjjw t rf^Ai.ajiill 4 jIj_jJ 

Qaiull J^C. ^JiL& i T iII Ifl i fl 4 Infl ill Jj£. JjLLaJ AjIj_^JI 

4 . 15 x 0 4^jJ £Xo ^xiaiTiJI Luj5 JjUaC u!^j^ jljll I fl ifl (J*« ^uiI 6 ^jlaII 

6 jljA Jxo 4-lllc. Q mil 6 J_A 6 jl>jl 4_a.jJjj ~ 1 1 *C \jfl fl 4_^jJ A* * | 

i>°J 4-1 JjLLc jSJ - n .t i l l ^ .AXjI ^>*3^ 

. 4-J Jo&Lxjj SjI^oJI 4-> J-^ 5 ^ V 

Sjlj^aJI 4^jJ LoLoj 4_i_ijJ5 SjJfcjJI 4-^.jJ JlxS < l^Ail 

0-L=k.) Sjlj^JI jiflj 4_l^Lj ^ya JjLLcj .4 -\lm n ^Jc. jjlio JS ol5jVi ^ 1 an. 

^jju.iTjJI Lojif eUj t^n.o^i.ul 1 o-jLc. LoK ^(^l^ 1 *—^ •\5 J ^ 

jj ^ .qq^ jujJ I tjiTij ^_lcj (Jj_jJaJ I J-ii] I I L_lc c Ijj I j . ^-flV I yj 4 4 -»i I 

■ coj 4 ^*»j(3 fl 4 a.jJ • J 4 _i^j-o 4 a.jJ ^A*— ^jj Sjl^aJl 

i5Jdj u^jV! Jjc. la^. jjti <iLi <d ^p-J jjUat ^ 

^ Ini mi x ^jVl ajin^i ^jJI C*Ljjl^uuliIi Jjl 4^jjl jmajjJI Lx) >J Lulj 

♦ Oj-ii-i j^Vl jli ^jl^uJI jklixjjuql .4jxJauju Luulj \ 11mi jiu ^1 

i \ ^YE o «^aa1Li ojjj i | \ * ^ujLoj oftiLl < ^^VT ^* * fl j* X 

^Jl Oj nil id)j Jaj -. »^...ll 4 jLxIo jlojJj^ oA• • Jjlj ^ SjJfc^ll c^jSj Oj-a 
V * * ULuu 4 •% Ini ii jc JJLU QijK I * < >f Jjlial) ^jL^m Jjl OxJi^lj JjjUaL 

. wvt^jL* n^iidijj 
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* jl (La^j \V*\ jljjJ J^l jlJ—o yi Ojlj Jlj 

<jyjjj t_i£j£JI I fl « * J^aii 5j-o JS JjLLaC. ^j 6 J j *j jljJJ lj-*J • J4-jj_u J[^L 

<j Ojjftj < N <\V 1 juluui \X 4_&jQ 6^j 9 JjUaftj • jJJjLoJ Oja .jiLdftjuJI 

ij~»*jl.< TYV 4 jJLj1I $jM c^J^ 0 4 jJL» 6j-a 

ojLj <JjL-=k Lu jLxIl * jIjjLo) i*llo "» iill iJLill i Ui j .4 ^ U . n 

- . i£ j£ll ^Jc oL-hIjJII (J-a J^ll e \j^i Ijift jJt cllj *iJU 

^JL&aII LoLoj <^_iLlLo ^JljLd JjUsjJ ^ \ * ^jujLo^ l j liflill ^all jjj-all 0~v 

LAj_a^I JjIS-o JS J-Li, cILLA Cul£ J-fl-fl -J a flll ^yic. 

■ j 1 I ^ (jb^Jafl J * ^ * 


^Jc t-jljisVl 4 j&Ij 1I £jLll jj-4 jLa^JI) Jjtiac. jlaj Vj 

J jUaC- ^ I 4 I* Xuoj JjL J^ajj .j~aAll (j-aaII 

JjUaC jx 4fllnia J_ahj_i <jV | 6^j 1^. J CfllOTIS .JlxjL^ M • • 

.^iLflinl I j^o Lij^a ■ 11 ^jjSLi 1LoLoj 4a^a ^haitJ I <jja 

Y , 0 l^-cliljlj oljl^l^ll olxo LgJjia J-txa.* ^ CiljJ-^Jja LiAil JjUsjJj 

Oja £i}Lill CjIjJU ^A A ^ In 1 g JjLa-il VJ Ijjaa ( \ • jjjjLJ Ja&ilj jJ 

££jll *v I I LoLu <jl i t i o ^cJajju A iji jjii ^jl < jj^AXLj Jjl jlC< 4j 

. jjj-xJI <i CihrJI 


■jiuuJI ^j-o ‘Lujill «lji imifjl <cjAaJI Jjjb ^LII ,_j£j£II ji ^Jjil 

« (j “« <m1 I 61»j ,_><»jVl , 1 -»i yjlj jtjJLfl «SjJfcj|lj JjLkt (jJtj 

<>• ,A ?> vj-* 1 c^ 1 a£y »>« 6 j^-o j 

J«K1I yjjll ^ | >j j JfUl pLlil «l a I ni l J LjJLci jjjj jjt jLuj (JjlLc jc jajVl 
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Lojicj jjx (juJj-5 Lulj SjAjllj Jjlllft (jj£j 0*-^ (J® ‘ij 1 * imJI u# 

•^lUxul I ^ Lft44^j 0-0 ^ Lojfcjld-a <j-o i^jjLaJI ^ ijUjSLi 


i jl ■ ■-*• '» 4_»l jl^J Vj I J_3h >. i fl ^ iwfl^Lc <j£l twfl^Lc ^Jj-aiJj 

WjSjSLII J *"•» dLil 4 '•<*. \~\\ t MiH 4_Ujjl]l l_i^II ^ ^jdOj d -v U i -vl 

■ 4 L< j -v 4 -U^jVI OLjLl-JIII ^J ClAxuj ££.111 (^lLJL Ifl i nfli I 

JxoII L^l ^jAa-JI J 3*4 * j *J-laJ \j pj^-»^>II ^j-a I tin** J 11 a *1^, ^J| 4_lsuj-^ll oll£ 


^■lijl \& III ^jLij^i ^yJLtajV I ^^IflM JjJc.1 *i±llj £-fi < N AVV 4 \ * 11 .(j^^lj ^ i II iLJI 

^Jlj$ ^ * • ■■" 4 jL^_taj 4 4 _iSlj CiLoLx. 1 a I «t.*i^I j_c * —\AT• J 


/oljlicanaii 

Jjfij ( Cij^lfi ^JIj£ 4,aK 6.1 I oLVjIlj ^ fthtll LuLLj^j I 

^Jc SjjLi ojI^ ^Ull SLuJI ^Jc <13 L. 6 L-a. SjLiiJ ^ j «A*i La^jjcI 

^gSLLftll J-A 6JJb jla_ill 4 ft -Thj) ^-a^LjJLI ^LS .< ft Itf 4 j *n< 1 uA Jl ft r I ^ in"» 

NA^£ <lu 4 LL£ 1 ^jil —\Aoo) Jjj^J JU.* i,i^j I 

,£._A «_jj(£II dJj JJLj 1 ^Jjll ^Jajui ^Jc < 15 Lx 61 -!■•%. Jkj^j &j£ft 1 4 _xfl 
cLLi (^aj . ^ A^A 4 -iaoi oj^u-> ^jJI «Wsr of Worlds ^JI^jlII uj^a <u^i 6 j£a1I 
. £JjJU i_l£j)5Li LLoIaI ^juLllI jl&f jxA dlflllj ij 11 ("pulafl £u*^l 4 Ijcl 1 


J£ jU> J of. Ijj j-ft-All jt CiLa^ Uifci ^jl^-j-ull CijLc jjl Ixj 

.£-JjJLI ^Jl J^UsV Shbull CiLiV^J(j I jUjVI ja 

i ^ <t 55 L_lal « (£ jjjjLa) >* ^>11 ^11 jta.U jjLu. Jjl 

• N \ l <^JLu^ jajla ^Jjl£ \ • « • • JAj ^ic ^-Ijll jJC Jij t ^ £ 


6 U* jVl < _ f J| CaLa^l 'f • laiaJI £j>ll ( f J%jL») >** « " ltf J 

jAl Jtlu-U <JJ_) jjSLttll 0JjLlJI 6_>-o JjVj -< -A , i .) CiljLij 

•je4c^ 

jt*kll <4 jLoa ojl£ jiail JjJi JJC j^Jo Jj <Ciljji Ol J j h~ i fj Jja-all aOA (^ij 
,_>*=>jVl Cil S' i CaLa j l«-o < ri-> i rt jl < iJJj j-o j-J-^Vlj .j * « il (^ic 


225 



JI II (jjtj Luil—ul ij^LiJI ,jl t(l jjjjLoJ <l-Li-uljj 

dij ^j^JI <_i5L*JI 0-® 4 j(JILi Ij-^.Ij V jj 0^-S Lu < <*> I (jLSj 

*djn^ 4 ajJj lldlc .~.L.I .At 


. ^jL. YV^fV _ > l; J L.)j^^'\‘\^I^Li Y£ ,^i( Y jlijLo) oilLl 

oi^-(l ^ji . 7 .**!^ Lojo Ij_»Sju J&\ SJ )-yl » pu Jq^ o **^ll 1 “iK cul£ 

.^1 jlsjLo^ f^lkUlI ^jlll jj£| ljbl*iUj*itl ^lill j^-uoil 

£ ^ (V -Ad*-°) I d *■• y j cd-4* ^ jjJjj Y- ^ 

jjJ] 6 1 ^ua Lu ^LhjIj iju lmif. l 


LiiL. £J^ 1 I ^rJnuufl — jflrfclI ^jl 6 j»J^fcil jJjL-iJI 1 A 3 I 

Q-w i-O^I *iillj .j ftflll Ini m jj-lc. I fl "Im a (Jj-a Cul^$ 

Ijj j_J-i-oJI ^JJ jlrtlia cRj-A CuS iK jjQ-ftll 4 1 <tn V ^jl 6JiJ%ll jjl^-ioJI 

* * * 
jU i I^U^gj I L l~. „ j| <^JLjlo )L»j Lj~i iii a jcj^ll jJaiii I fl 1 fl 

.j^aII gcJau Vj (jAjVl 


Q~> < i\ jl .oljjiJI |^Jc. <ljl ^.J-C. 1 «Ail &JjJ_aJI ji . ^ 11 .-.-v .Ajlj 

«=La Ja^jJ Jjl J n~i~>J Vj £-Sji. jjlS Lu JSl £Ujll ^ S <LajJ Jjl Luail jjl^uull 

cKJ *(^ (jsiiaJ jS <Uih2 <J. \j l y Lui <j ,j1 ,j-o ^c._>ll jjit) JjLii 

SjLiij <—fl^LaJI m^ l Vj <aJiui ^Ic. J-1 cLo 

a jfl i / ill ^jJI £Ujll ^r 1". 111 oL Laj iUfl iCiIjjA 


O' ^ Jala^ll Jjx jlij 081 U l < HV\ jujL. V• 

J-8$ (PJ o l W> J 1 n . l if I \ W\ \ Y dJj ju Jij Jpi jix. 

^ 1 a I 1^ jojVl jit j^l ^llc ^1 jlji ^iny <j^wi Jjl Cul^ 

-(chijVl jlx» jji Jjl £~oj 0-° -^8 <iu' 

Ui)fL—1 J—»J ‘C^ 1 J lj -“ CF* ( ' JJL. 

•Ci^ 1 JS ^ili .(Y ^jL) J (Y (jujL*) Lui CjLjiui>u, 

. \\V\ jiuiio Y^^lillj.NW juijiYV^J/iM 
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Ij WW\ jjaIlui YY JiA (JaaJI ■ »|j 

^jJI 4 jjluA jj . ■»!I ^Jl ^Ul j_»lj..*ll Ciiuaj ^ ^ trf ■ CilJoj < 4-K 

^ *49 */■»! »ll <LojjULo ^ IVun" j»J jt-J^II -laj-J-A JjLj ClaIS 

_d fl ^ v>l «ll . -t-v » « j I CldiuM|l jldO 

dllj Jjjj »*. v>ll £j^ll ^jAll CilaAill (jialu jLjLJ Cui^ I f>*m 

Jj I j * * - ^ La^.i| J fl * * ^ J LaJbjIdA (S-y jUi * ^ lf v-ij^JLjo cIIjlA j»J 

. ^j.. 1* 1 Uill <Q^ 4 tint I ai 4aJ& 1M jjt AjJ 1 1 i tJ 1 (jjlxAJj Lo^j| I 

A^JaA J-i-OlJJ <j_i^Vl j njJI J J £LJ^-a-U ^jj n fl H oj—Al <PhObOS 

<j^VI jAitl ^Aj <Deimos ^ujaij j lit J .Ccluul ^Atl ^ IjL»jL£ YA 

.4tLuil ^uaAl ^A 

^^Jc. <Stickney u i^l . n jaaJI ^jSi ^^Jc. 4 uhh>® 

^^lllj * sM < d.7.-,<< ^jJI<^V. M—^YA\) 5-^.jj <LU ^uu : I 

.£^x-sajll JjC. ^J.^.jII LaJj£ <Lf <jl 4olc. CiaJI 

CiAj^u^ VoltdiCB ji^fjA l"> aw ^GjjI <Laj| (jAaJi jU ju^iuj ,t 

<JL^Ja 6 jjA JoA Jj^aA <] ^jtj £l_jj1I ^xj^I ^Jc Swift 

.JaJjII^ jLiilL LujSj ftUaA^j 6 pjI&a ^^Jju 6jAa. Jjj . La^Lxu^l £ja 

^A | ^ ^iujLaj CildiJ <xjIjj 1I OjJL*Li.q 1 W\ ^JUxoiJ ^A t 

' fc ^« i^u^ll plj^l JSJ <iuj^ j^A Ci^> “y\ <<jL^-i]l yij .^oil jL^x-aJI JaULiIl 

.^aaII ^Jxuj (Jxa LoLaj (ij^Ax 4jJiu| ^ii^l 


^ckm ^ Cil^iS id>JJ V 4j| jJ < Jj&Uj 6j-o tjj-tflll 6JJA ^ i rt jl Jjlj 

jAJU joj^aI L*£) <j^xOJ LLbjl cul^ 4lji/iH <j&lj|l Ja^Lk&ll 6di J^A .^11 

jjwaJIj Lml-JL 4-i^Lc Jajj ^La jjlj-uJf fLl Jii 4-Lj-ta 6j !ili Jii c^SJaII 

q( j_jil 4xjjj ^ill ^uUIJj jliill £ Laj ja I ^ i^l i 4 ftlh tlj 4 . m.i ^U jlatilL 

.<JJa cjIjIuu dlj Jia |—ojjUkLu^ Jjl^ < j$jjjbVI ^^IaII Li <<xauijII 
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tlaJj <saj (ji (j® J^l^***^ L^iiiijSI ,^111 jiaJI jSjjj Cut£j 

4_uoLkj <63 _i_oII j^UJ o^-*-? j-fl-aJI J-il3 Jit <j _>-a.VI 4-a.jilj -£-J_>ll i> 

• ij^l^J L^jl ^Ajj *LljJul 

i. .ij[^ i ^jjjI (J ijjl ij mi I j jIt* Jjlkj ,j^ tjj *^jSl j-Sjj 

^ ( I ■ .tj l J < -v ) Olympus Mons ^j-a c^J* o " '“- *-*o*-^J -Tharsis 

•cr=»jVl jJaaa (j-lc- U-° i • \ 

4 fl a f. Jaaj Jj.' -wl l _yjj—i-ujlj < 5 J -» .ia ^ya —*JI aL^-iVI ^J-S „1 ~inj j 

M * i y u _J I a n ■ mj , j i aj 1 V. . - ^i^la j 1 1 0 • * j * ft j I 

^ VI ^l j a ^ ■■■* ^Ilj 'vi ^J^Ja j * * *j .I—a ^jlj J Valles Marineris 

. dflnr . i« ■ Aj i 4 iA jr. jj3 6_>-o \ ,_}AjVl ^I**■ ■■ ^ic. J^kjJU ^ > l n»l l 

^ILuj-uI Jaa <£ljjJLI (_j-lc. O 1 " -k>^® >® v->>Uail ijl^J 

• a■ j-, Ijjr 4 i a jj h~i V O-fiJ JkJj ,jl '-i^i ,jl^ <LjSJ i \^V\ ijjjj ^9 <J ^.LlaII t ym^ll 

- ■ t*C j^ll , q q A 4 U i Ti i a J ijitj 4 _iLoj 

|T 0^jli)j (\^Vo juiaujcl X * ^ \ g'l^ili) .-.alUl ijl CiC.'ll I ^ I JJb Aaljj 

■-■Sji' ■■■! JJj J>=>> jlj-a L a .(). 'i . o JS jljj -<- I"J I (JuAj jj-a j . i n,'i,i . n ^ ^yA 

< \ *\V”\ j_Jjj X • ( j_fl 4_o^i < ^LlLI Jaj ig Ijj ^ mm | _^uLal £_A^a jL^-ij A^aA 
iaa (Jl a iii 4jajj XX, XV ^Jl lender |JuLa| ^ a mi _1 j-c.1 <n a ^jI—>_ u 

<AjJ EV, <W ^Jl jLlj (X gV\|U | iuLb JaAJ (^JjLluI 4a . A« JAjj .^Ujll a lj)“l i III 

.0jjll a l^luil Jaa Jlaau 

,jja jjStli <j| ja>. tJaiaJLi J)l tail (]ll I La^JajjA al-ijlj 

o' * ll -?vAJ oljjS-aj U>^J*I , "Vj lA^JJ-u / X , Vj . ^i^ jjSlI I j .-i 's *! 

^ (_C» aQaJI 4(_ijJI <JL. ^tJaaull Sj<-=k.jJ 

.AilaJI <ia.jj ^J| ijlll 

LflLu<j| ljj_i-<a I l ag~i lI < <J->.J j-LI (jJt JjliajL^il Jaoj Jjl Jj ^a j j 

■*J ULuiAJ I » j -a« . J_X j^LaIu Lapl u-° (jJc. 
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t AfiiTh ft ^jja dliaftA ^Ijj^ 4ikiA — d,..a« i*LII l^^ial Lt^jl VI 

4 Ufl'ill I cnKj jla-^Vl ^*i\j »j »« .^M ^j-® UJ-i !»■ I ■*■I 

‘ijL* Cf j>- «>I<< | jjJiiji JjljJj pLo-uJI Oj J k y .J -*a.Vl q^IJIj J II j__j-lpj <ij$lo 

■f IjfH tj*j n7% 11 jWI je V 

IjLiifil jj^lj .u,.' -JL 5jij Lgjl ^jidjlj ^jjll iijj pi nr JiLj 

. Ij& IjjjS juiI i_aiLLkVI jl jjt .^jVl 4jj3 Je. jfcJji^ajlVl ^1 

jjjll (JojI^JI I^j jl j^iu jjJI *11 LluLuuI ^LqIaVI jS^i JAj 
L>i ^ microscopic life *Lj^ Q y n SL%^ dlli »l ^ Ijl La ^u^jj l^lo 
<jl jioJ ja 6 J^.lLI <jjj]I 4liC. Cul^ Ijl La ^ Iji Ja~if I iSj 

(JJo (ji I (_>ojVl (^Jc Sl j- * H Lfj ^ <1 im L^uVI ojLcLolll jSl n 

(jl Ljj Jttfrii 11 C»*»K Ijl La <ojLcUutl 6 J^j ru K ol» .4^jLum 

ftLuJI «jl» OjI£ jl (ylc ftl 1 *vll jjaJi uij^la ■*** ^ 1 I J ‘*^ , “‘‘ jl dlj ^Jjj 

.Sjj^a <J^aJ.I 

4jBjjLa 1 4 iflll (jLS I ^ *i 11 <<JS!Llu-o ■ _«jl ouj-cwl J-2j 

IjJfc jLSj . ^uuLa* J£*2u dllj J^jj jj dllj £aj SLtTk Jj^j 4_ul£al 

LfflLiu^l j^fli LjiAf SjL© ^JC. O^oajl <ju\j (jV jalSi 

ja fllxLu|l >L JjjSLjli aLj -kl l n < ■ <- » oj K .JJaVl ^^Jc. ^^jVl <^j^JII <jjj 
J aLi>i 11 I IjJjLa. I jlj >4j^ac ^ifc ili& J^iil jiJXuiu jjC f Laixll j Kj Ijj • ■»<■ jl^g 

O-ijJ tL-LaJI 4- jSLJLI oV-C-L-A aII 6j—A gjjJLI 4_i_p I J »® ^Lb jj ti 

.tlut Jajj V 

^£jll ^JcioiJI .ill,'ll La l aj £UjAI 4j^( -*■ 11 &L 1 &JI ^jLuta * ■ * ^Jj 

•tliai J}a>j |UC ^A j''» Lul JliiaVI Jjl ^Jc aLaiaJI ^ l~« » jl£l ja 
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ftjaJiil oLiVjJI OliIj <illuiA <Jl£j r^cLwa^lfj ^jljjJail O-ojjJf LhIj (\) 

jkiijilj lijJUj i jj l^jjil \ ^OA 4iw I ( | m i i *J ^LkAlll g-aLjjj jt <l jtoi u> 

^jill .4 flh-Tb* oVl&A i jA oUjyju J ujij 

.SjjliaS iufjj ^j^L-aS j^‘« ya | -al ■ -^*11 jYj 

^i| »-o* j-ijj <i_jjJaJI Jjja ^J*I ir>lI jlj_aJI J f.loa tH iJ^^aD Ja^L-JI ^-UjU (T) 

•J^t iujtll ^IL u Iji'imVI 


^jill .tji/tll I^AjdU >lf ■ Ifl >a ^jL* <li<1J jjcrltkilil gin <ii» r^u^JJitl <*isJI ( S ) 

JMJ » lii .jfiijVl jt I Jj <j 4-ut lAa ijj^ia jl jilu luUoS I^jLaiJI jjLuJI 

.J^ai oLiLuiillj^iliiil 

I ^^a t_aJl t• * ^il \ • (^u JJj-jJI jUu^ < j»i jt-ilii <aj_a :4j^jIj (*l) 

-J—oj* wjljjA jLj 4 jC. jjj-A 

T * >, T qu ^aII ^ <aa-jJLI JtjiaVl olj 4 t mj UIa^oj-^JI oL_ajJLI -d s . s *11 oLajil (V) 

. LyujlSl 4jj£a aJja^ J .pL^iaII ^axt . IjlaiVii» 

I j i ilj <&wl ^Ij&ajuiU Lajlajj .ij-iVij i^Lui^VI Jjt (A) 

•Aj^j jjLJI pLV iaJI .^LmaVI a>1a 

Aj^j ^iLuJI ji*fcll.l . Ojl »■ --^1 jiljakVl ‘ iL*K" t ..l jjjljJI . ~! I -vj a ^| JaI*J Jl* (') 

^X- Lwjj >» <-a-*Jj AjJlUa jhLx&VI jl * *1 -jll A.J.^II 5Jjblia (\ • ) 

(jaja c j LmLmI ^Lui ^ij A 1 1 m 11 ULUI Jidj .fIjaaII om a• ■t.'siI J*C11 

Jjj f Ij-ta. CA^j <LfJa oLaj-. ill* (£>»•■ ®>“ 1 j f U .t ij jVl fL. Jjjlj ,>• 

ftjjktUI JLJ^SI ^15 -ijlja. 

<iljlj (5j>i^Vl J>ijll Sj-»Ltll 0.AA Jy^ju Jauu Ji I gj-.^. .jjJI SjIja gjSJJ 

oLajJj «l>fll ejl>» «-»>» ■ ^ ‘ ‘ ■j 'i « ^ »jLj Jl «~i-»l Jll* ,jj!u .i._.-A I ,ij_. .< .-.I . .<■ oLUJI 

CAMBRIDGE . J l jtkui ■ -j ■-»« ^Ujjlj^ .l«ti « j i ^. —‘ i a u (__ 1 ^ j i ^ , - 

ENCYCLOPEDIA, \VU PAPERBACK 
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j utx J«nat( 




pluaill daUlajlubi 


6julll JS <iJj CU-ui^Ll^I JA < \ • ^.Lc J^laj 4 j^juoJI CmI^ 

imoon j- o-flJI L^juIjj^jajVI • jj-a cuj-aII ■ ^fI 

.Deimos Phobos j)LuVI abuljj * jjLLc. 

*j£lj£]l Lcj a <jLLj 4 _l-usjX aj^hoj LjLlaJ j \rTt Sj-iLt^ lJLLA 

.comets oUlillj meteroids .^.r.lljasteroids oLSj^II : lf aj 0 uj^\ Ljj^aII 
cu^j La Ijl <j^juu JI jjV * j^jbI jU*i LJLa. ajj& j i*i 

probe IjjLlu ^ i 7 m Jjl iJQII Jniii ^Jc. <£_iiaIL«_uj I^jLa L^flLui^iajI 0^5 
jLUi J=Jj (\^A1 ^Lx. ,_yi) ^1—III .lit Halley's Comet ('^La ^ujll 

.^naiTiH ^jja <Lu^£|l i_j!£!j£lf HrL'jA'^A 

astroid I Ij*I • ^ f I «I* 11 ^*t L t a t 1 ■ * |j 

<a^lj jlo^LS jjt lia jJai jjjj Vjj ^ya ^Jllll <jljlil jit Icarus 

(•O^jVl _A-°>I^ "V, i • • , • - • jju j^Jc. LiLp.1 O' 


<GljL^ (f J-^l ^ - LjUQ _>1 jljJ U . n VI Jjl , <Lt*=iLk 4, & ,^l ^11 jjjij 

lj Sjl^^ll ^ya i_5l$ Jl i i i I J~iil n -> (jjaj <«!>3 Ls 4-u^flll 

jljll Ijij • YA ,£••,... ^ji m 1 til l Jjt 6Jlj Jjjj V uJ^ill jljil I jjb 

I Jfc Lc) vJjjAd ji.1 <$1 jli, jl JjUafi i_jSj£ jlj-» j> yjSl 
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SUII ^ * i i n i7 i jjLlu ^ ^J i u I jl I Vt*S nj Lojj < j-j^.1 ^laxuj . (pi i \'\ a 

4 \ i ii ft t t i t I «Lcj o^ l I p I iAf I (g,\ -k I ^_a ^u.q <jii I jj i I * A 1 1 j ^ j I uajjj probe. 

. (UL\J\ 

^■LLi 4 -UjfiJI <£,jA-r^n .^.lal .n^1...l Jjl < ^ i-%..>->j 

l*LA jjuULi Lojj ( j ,i7«j I AJ ,n^j |J j*lj * •■ <JaxuljJ ‘“ IAt JJ i-^Vl) 

LJLakj t ^jI^jlJI 6 Jfl .1 i dl.»^"-...VI *r -s. i VflQ <^llj ^k£.jll ^Jcj . <La^X ^1L ^£jl^O 

JiU <k*j^JI j-o j^I 11 4-Ajj_*_a £_ij_aiJ Loj-uujJU iLupJLfl 

■ q 0->® ‘ A ^ ft LLjil 

^JljX. CJj ^L- u jV I 1 aJ fl I JtlLi.i* (J-A: JI^jlxJI £jlaj jl Lit Jj V <vlUj 

S^aill pIjj 

^ tl jj f oLuiil jju ^Jl-j.u-o ^ i ii 11 VI ■_ ^ ^ -^Jt ljj& 

^ t—ijfiilj Ajtj-aJI 6J.it> (j-° <-^jJ ^Jc. *jI Lfj SjJbjII <^o_a1I Jxj ^JLII ^^1*1 iJ>I 

i—flj t ii fl £_aj .£c_»jJU ^Jl Jj_fl La ij >M -^k i *i Cj \ "h i I tit I 

t jjLLac. ji SjAjJI ^JJ jlJ jtjjil ^J| round trip ( ^<_uLiSjl <L^j ^ US IL jj i-.l-mj 

.JjtfllL oLui 4 iskj Lfl-il j!^Jj Lo l*ljbj < 4 !■■■ jj$| »>'»H t-.*^t 

U [jj L — 6 1 I "\jl 6JcLutA (JjLujJ ^j]I ^7 t 1 Ay 1 6j^_^| (JLuijI ^1 

< L*jl ■ »ljjuol 4j&1 Ui flj 1 flilK~lf JoJkLi J-a-C. — 5 j_$_a.VI j-loXL ^ifj Tn 4_u^jJ_o 

LaIjilujI jju (Mars 2) T^jujLj (Mars 1 ^ ^ ^ ^^ujLq Jax 4 **f ■ a a jjljj^ aj 

4,jjjuLuiVl p 1 \ 1 7iVI (J^ jl ulllj £-o t • 4j jl ^ *1 j 111 V Lijl. ^.i <1 

JUaC-Vl ^-o <jLoVl «—flL^ j.l fl ij j_L£f jl 4 * 1 1 m 6 jJL SLljJI ^Jc 6 J-C.Li.ii.ll 

v-flcl *A1 ^ ... fl \H Li aAIIj J J[i i im"iII pLljl j 0 h*i ^all 4-j-i.LiLI 

- 4 t* Aj 1 fl ill^lt l 

jiua ji* ill (jAaj ^ i rij jt 4_^3llll 4 1 in flit I JajJu^II 

jlfljj Jjl iJljjl iiL^VL t 4x.Ijjj 6jl iii\ i,iI kn JaL&lf JJa 1*1 SjaJ 

jj_-aVl jjjQ dlj < La i Li% >..4—^ La Ijt ll^nft (j-t j <* Jit I pVjJI 
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jljU JLuujI JLaILa.1 j * « t ... a , ^jl i in -hll liA I \* lj]j -1 j-l* * « * * » s>\ 

** 

* I a «4> 4 A V t o*i-h I pcj^I I I p LlaA 

il l 51 1 -vj Jjljl ^1 ^Jl j * ■ “*« jJLa (‘t-JjLflj <f j m il Ijlj 

^JaLxo I* Ij^-iL-u — 4 j^Ixj^aIIj gjSL*Lillj — ^LbxH 

6**lfc J^La. ^ fl**(| '^-■Ij^ J JlJfl '~‘ ^<AJti -y.n oL^ (^ilj-taVl < L_i_oI^H-o 6J..L.K i 

JjoI tiJLiA <* ■ »rj ** fl—* qLjI^ t *\j j > Lc(j 4i j-o 5—o_^ ljcL<^i, o 

all Ijl fjLi .'*j&j^Ja]l tilt ^ic ■ ■ I* *M l^c.LUX4.uI dlj ^.joj 

. a^jaLi oL^L^-j u-flL^-* ^h-^ i ^-Jl <cl^ iTiIIj ajL.u'xll 

£j_^Jtl ^Jl pi as* All jlj_aJ I a,r*r. pi ts* all jlju (jLi I i A >1 JjLaj J—flj 

JjjJa ^ cr ^. jl (3d>^ JL-*-=^l ^yic. IjjjSj ^,1 f (p^nj 

^ya iJij^LlLi j i)* Mill <i.u i nl I (<L^1I * Ua_^ Jl^ia jjjJj-fl^tll 

■ JjljVl u^^LU l+“ <Jj>*il 

— cjJaj Lb LJLcj £-5jj jjlc. i jic. — < I j-A J5 (JjLLoj 

jLa. Ijj. 4-iljll jb in »ufl y 4fl>lll 4 i/i^aJI ^ tjj Ciil^j J^Lk Luajl 

cLAill jIj^ V I a iji .^- ou-j iLli-oj (£js>SI oljljjaVIj cLLL jjjjJlj .J^aJI 

.<^>11 A jjA 

4_>pbjVI i>° <-uLukill j>o 1 1 t j j »la _> J)jjJI <pl-iAall jIjj ,jl n Vij 

<J5LiiJI LL^iJI «t_Lk.jll eljx. jujll ^yJ] ^ » 'i-ij hi i in 

-4ia r jJI oliii (jJjJ (jJLo jL=kjl jl J^iil (£j^.l Q.\ j«~i La Ijj < ^Lajj <C.La-iij 

.Jjj_U ajl jjSu JjJj icl^jjlj <J^lajll Vlj iLaX. <i=k.jll <jj£i <-i>ku ijlj £-0J 

^J3LL> (j-o pLjjxI Jh> ^ fLfi kjl^la Jjl J_*J o^jVI cb-a. Jlj <-Jl^L OLj jjfl ) 

• ^ UH Cf ^* 1 1 JJL4 Vj OiLa^B <Ja.j 

.(j^JVl Jtkik. Jjfl eL-aill jIjj O^Lk-j ^pLIaj j^aiSjui ^j\ i dllji li* £- 0 j 

cL^aJI (^| — (jAjVl Jj-o i_u_^ill pi i A« ll jrj>Lj oltjj-JLo Jx5 ,j-a cjj &j jil 

L$J > J “ i Ijj tP 1 — Ji>^l li* jVJ Lo Ijjj .^-iill J ^jV I C£J Ls ^dljil 
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j fli n H jllVn —^il .^tlj JJjJlj Jj-oIjJIIj ( 5 ^a 1 I olU^vAt t_ujAll p I i A all 

L.A I 4 * *]V -1 * t I LjJj_d I P I—fcA -All Jj— a Jj ,_><3jVl jj—a —iVl <, l ,. ^ IjSJI ] 

.^Vl ^SljJI 

Cjljlfl pliAill ^ m P 11A fill ^jalnii a Jjl jojjAj Jj 1 ^ S i n . i ll Jj-e jJjli 

-vl( . .^aAII ^yA P till I JI^ * ^jfdjUU OjI£ 4j|j <Lixoj 

4i1a£ |UJ jl J^AaJU i yA jXuj ijAill ^Ja^uq ^Jc jjJXj 6 «XaIa pLmljI ^L^JI ^Jc 
jljllj J^LiaJlj Ij JjLxII £-lljj — pliAflll jjjSall 

. tf >k.Vl 


Gerald K. O'Neill J^ji.J. Jlj_Ji .N^Vi ^ 

pl iA all Sj \ oLlaj'i m ft pLJujj l \ y jlj i^*i (£,\ ^j-o <jL» 
oLjJa^ti.nll 6JJb j*> ft>nl jjl < ^j£| jl jr>*\ A LjV] A^luC pl^jl ^Jc Ajjli 

JjJJ |— g^UJ ^ Le i #> .* f- j« | 4iiU d ^ > * i » t “iL«> I j i ^^ * ■ a *«»~*y « 

jJajJI ^^JLt j_Ja_ll J_JirG u| cJ^-“d5 O * :H -^ 

fjjijJlJ ^jlijl jcJq-uuJI ^Jc iujLaJI j_ulj JjC }L»Jj AjIjJ <liaj>*iilit ^Jzwljll 
jltioj jjCiilla^iijitl AjJb jjiLiutJI JblxLuil 


< j^AjiG-j-u-a ■ »* <LuLAa 1I CiLlia^uJlf 6j-A 3 K.j* a ^ lillj wii-o^ 

■ 0 j ... ft <^JjVl <liLflll .^»l »Uj " . ..t I pi iVij oKj cjL^ 1 n fl ft Ol i /"»*i I J-Aj 

iSJ^-d cr^* iiLUIj SjLLI J* Li ^^ LUJLJ— P P Li*LU I ^ | 

I a J >> ~I '■ ■ J^lil Jljill jlj i(jJacVl s>=JI (J i) £jLa. J^a I J j l r Jj ■ /> -J l 

.Aj^loj jIaj ^lUo jloilujl (£f jojxi 


pjJI Cil ilUlai 4_JLJI I i^.jlj*tfull i_9 j fdllj i yA j 

jj$| 6 jJ-loj ol^lajluijo pLli ja I i’>ijlj*i^"ill ^4 <A 4 pll j^ Ja^ll <a.jl j^a" ui^mj 

pl ^ilky <JLJI L^l^lllj * Q.tXi^a lilij t ljl£l JSlj itj-ui 


C s* 
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^jLi.ti .1 J^IaJI) <jj( Lrt ’t-fll jJb 3®IjJf O-AjJf oljJJ-k-Jf La ^ 

3t Voj jeJL«aII jjk Jfj-oVl jUij ) Ol--ijLi_«-u JaljXj <(«JaJ&LJI i_fl-Jl£lil 

^)LUjj ...I c g>La. ^ jlilc-VI jfcJLCj Jjj ^ f*^) <(ullj 

L j-oi^c. cii.uii vsi — ^gi iA.flH 


6 i9 i -x^aJI J^LaJI VJujJUI ^-A <jI Jl Aim nil iljLflJ-o 6 ^Joj jfj wAj-J-uj 

l ,fl ^wjj .p I ^AulI Cj lltajluid p Lul ^cliI ■ I yji *ljj-t..ui!f I £jLuj£_il 4 *vi<o(_jJ I 

< Ja£A 4 A_>l^all In aA | ^jJ I ^-A JjjSLl Jjl ^»ill ^jJaftJI £j(jajllLI Lt/p| P LlliV I 

Ci >">i i <Lal^uaII 3 -° jjS ^Jc. *^_Ju ^-A ^j-Ju-i]f JjjLaj/I 3 -0 ^ Lia jL^jj ^Jc C i ^J * m Jj 


^.U .* ^jJI < LL_U_u-JI ^(JjLa^La. Jj^JLuXl (juLltl tJjtAJJ (JSjlIJj i.ilflll 4^JiLuki jJAJ 


3* (JjLL* *i wflVf jkJbJjf^o 


AjxujI < 


<Kin a ■ \ V.j “V xL.d C-Aj i**-i < Sjj-*^=JI 6J~4_J i tfi J iJ.aJI 3 ^ Ijlj 

jjtuJj JLl^.LA t LoLaj Iflfc-*-* LaIajJ Infill ^jil 4JL^Ja ^.LiaJI 

(3-a i clliA LflJj 3-3J(j 4-uL^fl oLLyun o ^-A Jlj_ta 3j‘ * t*» 

tfjil ""h i n VI t-AA j^a pI «AflJI A Lao LoLju <„A tl^ n t_AA_£-a * 3-9^ 3^ 

.^Vl ^Jc ^Lik jfc ht n 

<—i _ 9 1 » J * Ljj^£$ I ill % a I ij i t j JjfcV pI l^aII o^La.j joisu 3 ^ u*® «yjl 

p I i r> aII ^-A 3 ^ 1 ^? 9- > -«-uIi <-ij^4j J^VI 3a p Li^aJI ^iJsjJ^U-O I I t* i 

is*3 ‘*L*aaII <1aJ jjk 3^>xo 3>*J%5 pU-aiJI jjc 3 ju-?>1%j - 

.([.julajxuiail lllajA ^ j *W u 4j|i jo jVl 3 ^- ajj LjjC Ilu ^LoaII 3l 9^* tA^- 

^uidj I—aj I il8 tfjisjil ^UV lji& 4 _lj^x. <1u - I - Aill d‘..a... jjjii 3s^> 

jflJLt ^J a lj JaaIL jj ilaj iMiil {_y‘ ** 1 L ^ J*“j .jjLtla j-ii-u a|I jJa^Hj d |j n .f. 4*> 4 >l f 

pLAaII Cui i ii iJal.inliL <1aLa. SLa& 6j^JJ^ 4 ...1 "t^ ^ 4* n Ir * J* *»J J 

• juAj (^J * 11^ *> ji-oi 

J J-*-“ 1,1 * <-^jLa- ylfc ch^jVl Jj»1 J^-*J £*a. ^ ^LSllj 

^h g ) pseudo-gravity 5ajl£ iojjU. ^ t j 5 lU>i J uJLI 
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jJkljJul) 4i,«jl rJI jjJt Lail jjjJj«*ii imJ J&lj ^AjaJI Lx_u 

. free-fall orbit j_sJI .Lj 5 ...II ^ Ja_c ^1 ..i-kl ,^Q~i zero gravity 

jJsjluJil jjJc. cLbaflll dabjl d t-vI .^11 4 j1aQaII jliuVI liljj jjjii ul^uij 


.(jAjVl (jlitu 4 j Lu (Jil <Lia^]j^jLuilIj 4^,1^, ...II 4 tTfcI*ilI 


* 

^eJajoj dalLit I A .Aall ^yc. ia^UI <!■■■ ■‘■jH oLtjA^oll < L*jIj 

<»Lbafl]l 4 oaaia11aj .4j v.'LaJI JLaja i_iia. ^Jc. ■_ 1 1»~lI ^J| 4^-LJI cK*jVl 

4.ft!k ilI pL<aflll CjAaj Ca^*' '■ 6 Jin Ja| ^^ajjVl * » ^ ini 

0 * * 

^ Lilli Ijjfe ^ it > i-AjajjJ .6j ll^ 4-SLlaJj tJjfllj Jfl nil Cjlltaj'l i nil 

4_jl_ili Jj-6 LAil I JJbj t LjLajI jjSSj_ia^ pL^Aa ^ ilo *11 4 tThI*ilI ^ya 4jI 

.pLa«Aa1I o>1^.j jjjIj JiSj ^jl 


i_£lj&ll ^Jj j-iitJI Jj-LaA^l Cifl^ll 1 ■bJic 4_j 1 t ^Aj*ifli ,.\ fl fl allljJ 4 •% \ nj 

JaI t^jJj o*‘ tfj ■« - . | H tr® 

jjjiJI jJjljVl Sjla-JI ^-A < jl mi-ill I j-A jl 9 >11 ^_A 


JljSi ^>1$ J mjl 4_fljjJa < (JjlA jj-a pi fl Lo£ <(JjVl > A,' ([II jA jtJjil ,’i^_^. 

.(iiLxJll ,X»I ^jC. jliJI i_flj-iAaj^jft fllI J)l il 1 nl ^ya <J2| 4_bLLiuil 4 _uI£aI 

Sjlj-=JI 4 <r» A -> il I 4-jjlj-a» 4_ajJ JjjSi JjiA <4_^.lj jj^l jcjjJll » ■ •• <^21^11 

^ i n n i til l ^LluJI t„i irw.u i —fl jp 11 ,J ft fll I J^ill AjI^Si Cil^jJ Jlo Ipj in j~i^V 1 

-Ujii d ii\1 -vll ^jJx.1 d -v U... ^_lc 4-ujLajl Jjjii—ijjj i_)l_^lll clul l^_uiVl 
o ^* ,‘ J 1 tp5-?' 4jl d~‘H jji 4jj I • , \v _j 4JjU11j ^ • , £)j a 2 11 

. 11Ail ^Alll ^-fl Jajj V j^jll SjlilJI jirtl'nll 
tJ^Jal Sjlit jtyll jt-kjuu ^jJc. I jluxi jl (Jn~i-^l I l ya LajjJ 

jliU ^A Oi n o q . i i T i1 1 1 II ^ li i^aaII ^ rlfti ii * Iaa 

. 1 ft flA jjjAail j 2 ^a$ 4 a I j ^jjll < *i 9 oJ-^'iiiM 9 IJ * a /j flitilA 19 ^ujll 
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.(ju-a itill ^ya v_u^£JI jja.VI <*1t -ila»i-mlI JuOJ Jl Ja2aJ.I j-it 

jljj jli ■ jjialll LaLu ja jJC. UH-C 6_jJkjll j ,U u II fl 

. I *-- ■ I 4£^lc.j ^Uaj V i j^ aj ^IaJI 

< ■» ■■" jJ Jill I elul “tajajuu ( jic. Slj -JLi iSj-tJtA Jil Jjliac. j i*U Jj 

jji .LaJjj (£La < JLaJI < »J \Ul (jSJj <j-a_tllj £J_JI Jtlaxjj JUi fjic. ijyla j~ii‘i n 

»*■» 4aJaui j.‘ A Jj^ui jV < Uj fl 4jA^a a i» ^.lj 111 liA 

1 1 «tuj U JJII 4_a.^JI ^ <—bLSVI J^l « ■ , 1 i uI 4j£l .<t_5j-fl JaX. ^1 

£ # % * 

p(UI Jft"u l>° PjJLI In ‘ «■« Jjlj Jdj_u$ jl^jV qJojluII Q~kJ ^aJU j*^ \, 

jV 4 _C.Ljuj \ £ * * yjll jLflJI 6^1i pLilf ^riniJI Sjlj-Ai 

I jjjaVl ^yo JjllaC. Jjl UHi III jjJ-U JAA i*llj £*o£ t^Lojj 0^ 6 j 

.JIja.Vl JaAfll ^ I flgjflVl <_*•« 

^1 — i_j£(j£II i^itn jt jaVIj O^- 1 oLitiflLla Lc^ul 

^tLua I dJ-A Ja^ ^all <j itiill 4ap^Lo jj^I LgJjL^£ Lftji tl t 

• Jj-lc. Lfl 'ia Urt"k II £J£.La£ (J-t-OAl J< I tl 1 J*2j_uj JAA <(J-3LaJIj Ifl tfl 1 * II 

^jLuuiV I JiVl (gj < t i j > l l wfll i7i^*>> ,qU ^uJLI a I -%~tV I oVLcJL^La tillj £_oj 

Ij jA J ^mjl JL^-o iJLifrA . L^Jjs i_l!j-AJI jjaiJj ^^u-ftjJalI Jjfc J_L*jJI 6LaJV I j_fA ■ y 

<JJJ ^yA <-oLflV I JjC. Pwfljll ^^Jc. Jj iOa.II J^_ujVl jJ-OJ < L^jjj *L=WjYl ^yc* Jjfc 

•£jl^ <joj ^^a <-ol5VI jlc. jc iijjLi 


Lf* 11 <iaa-o J>=^° * JtjJLI J-j i . .,1 Ol5^f wflj-i-uj 


- ajjjUall jJI^>*JI Jj> jjj*JI <j asteroid belt ^^oLSjjS ^Ija. ^jjll *lj&a .aouII 

. J^ljll JjC. J-ijj jLLjlSI t^Jlc. \ • • , • * « LftJJC JuOJ L«Jj 

<il^ J* f.lijl ^y, Lut lj-Loa_a jJljjJI *jj» ji y 
LSi 4 j->L...I 1 <iiUI <ji yL ,jjttiil <JSII ifiSJl y J5l oLSjjS^J <JSJI 


t 7 l * ‘ ^J 15 "*^ ^ (3 2 * e (lj*Jii) LujJLi <iklxj J^Ixxlu^U J-v I ~tt I 

l-A>las J*^i • Ceres (jujjiiiiJ S ju^l l oLSjjSJI Ijc Luaj ?fj j ■ .•■ Ij .11 Jj.^-jll 
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Jjjj l~i 1 I ol^-uic ^ 1 JLa \ • « * 

t LAil <dllj JA_i . l$_al J_iJLi_ul jjg ■ ■** «*■ * **- * ^ L,..M f <Lu^_A Jl^_a JSj 

JjJfljJlj ) SjjLLailJ jljJJ LoLoj ^)9J <|", a 

.^aill £-Lwj V ^1 (LAj4C.j 


^jajoIj d A iU*M -L^Llil oLl_^l JL^ 1 n\ 1 * JuliA. .iJaj 

J IjJLI oLiSj^JI ^ Ij^i ^_fl AJjJ^i ."*( »kj » ■ .* " I j* V* ... Jj <Jaflj lift 

l j-o IjjuLo IjJi rt ft <jV <LiiL£ <^jJj Lj^ ^juiawII £(jCduuV I J-Iajj ((jAjilL ^ib 

jjl mn 


^jJI *.^-^11 5^-o jj >l« Lqjj pLl^_aII cii iJjLuu^ 

^jll CjUlajJ-uJil JJX. LaLa> un J»~\i i jjl pjll ^fciai *4jjj jljJU 4 I* hi i 

<aJLaJI 4_&A ,jfi i»*i *% h Jjl <j j* i^> ll . I ( | l*«" i j ^oj 

. O Li^j^J I ^ ^^iIlJ I ^uiaJ I ^&LaJ I 


t£j2uLalt 


ftpljj * <jn,n 1 7ilt d n^afl . Ij^l I 4 _c_^jQ_^_o jlkj jJb pi, I ^Ij^i 

0 

.^llAjuJI Jjt a.\ > • til drj f> -v j\ OLluLui ^ Lflj ^jn.rt <7ifl IjJXJ 

I ■ ^ *1 1 J~»1 V* a fcjj ■ jjjiA-JjJI 6J U—JI t_j£l^£JI <XJ a ^ A ^Jlj>—jjl 

d h< ^uU^I Qlj Jjai i fJI^*JI 6JA ^ya j ax l I JtipilGf jMt t j 

>SS' ‘ "^ I .jilluJI !([*«« !*■ It «~...l Lo IjJ < Una, till 4-Cj^aJU 

.jajVl jj Ujj _ja^l l.j i^l ^jJ-iitll ^ya 1 t t a u ' i j »*^> l I »J ft ^ Ifl 11*1^ ) ‘(jj«y 


Europa Ljjy lo jjI jl liJ)£ j-a_tll dil juiu jLoJl UjjI (£ S* 1 » “H j 

' -w lj j 1 j ft c ^Luj J^Ij * Callisto Ganymede Jj^ulikj 

.^IjlII Triton .Titan jllu 
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<dUj 1 I^aa j IjjI Cy° *j* u^il jLifll La^liI (JLaj 

<|J Jj*» ^La-flV I ^ya *”■ ‘ ■» 1 fl 1^ jLa-fll 4 nift^ jC jJ5j V Lft JLjVj 

A J.1* ,JI i_£lj£]l 4 -Cja -%.a tilLlA dllj ^Jt iiLboVLj jj&4 

< Charon :<!&£ LJL^. L^Ia <<S}LajJI <jujVI i_£Ij£II <_ i^ 1 .* ^* ^ 1 ^ju ^ i f ill 

.Chiron oi^j <Pluto jj>Lj 


Aj^-^jJU j (j * I*" » £yA <JS}Lq_*JI t_J^lj^]l 4 fl l^AA AJ^^^JU jLjuVlj 

<iLJI |^Jc CaliliJ ^jJjuuJilj ■ 1> jiLAjij > JI Cu^ilI 

oLwaj \ .tti.lI jI^La jt Jaj XA—u (2 a^ ^ 

£*±3 ^ » o jl "lo * f • * * , * * - 

<flLu&A ^Jc. Af-1 j<| £JSLij < jILoj.1 ifs ^ , ^ ••)'•*, ‘ * * <lal . ../>« ^jILJuil A-o 9 -1 

o,\**,***,*•• 4 aLulu ap Ijj jj^L ^ fljj (jlo^L£ Y,V**,••*,♦** 

<£. j> A-%1 ^-Kll CjIj-* C uh JP^$-L ^Jj \ <Til I Jj_a <LflLjLi»ll ^Jjjj -Jajju^Jill 

Jy-o 4-u >fliI 


.oLSa^ll ^Ija. (■ IjJ La Ijl\ £-=k.li jljia.li <UA.jjL^oll jjljjuJI OalS JAfl (illj £-oj 

oiL 4 jij,i a itjuu (jojVl Ojjli-j • jjjjjLi) j}(ial ^kj i UVX jjLo X ^aa 

JjLmiVI L^_JI J u~ » j jl ^U a*i i jiI <c.jjjj j-AJAjj 4 til Ml j'm jlX \ 1,0 

. ca^JI kJJj 


olt jji oLauni CI a i ti~i*s I lil ij-^ < oLiSLijSlI jilJ>Li. JjLoLj ( N • jaijjL) Oja 

jjAaauJ X ^ Cf^ CiLoj <illj jjuj .(jj jSlatl «ui^u jl£k Lu> Jil 3SU'.t l 

Wo. • • • ,jc. jaja V L« (^jJL. t. 1,1 ^L . t y. jjujj (N. _^ujjL) oiLS jJj . \^VX 


‘'Ji>e< 0 cr® U- 5 ^ 3 ] j“ (' • j^hjjL) j_ju (\ N ^.ujmL) OpL?.j 
O a-i-OJU . N *W1 j ia M I I J X ^ >lajii^ IX,... iiLuju ^ y, .t.H Jc. y. -, CuL^J 
.(^ yi'f.al l <Lukill jLlltl Lflxa. aL^Sl ^ ( \ \ jjjjjL) 
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^ LujLuI i | ^ l i C gj-Ij. 7 | i I jl i 6J-A l^JiLujI OLajla LI Jjaj 

^ JiLou a i ll <j_a.jUJI jLLUU ^ (gjLxll _i d I I ^ 4 i\4 <A e>j^ 

Ja J'-k <t t I III dlj-Aj .I_J1I ^yS 4 _l L*-» 4 i‘ij.a o ilLa. < 4 >1^.1 i II ( JjJ a Liil 
j3j t 4 -L a fl i lI LiaJI ^_ya Sj i » j<’*> ol \ <i^ ^J| <jLu=>y(-i < N : 0 (j 

.<jlj jS>ll ^ j4>iur> i i^jJa ulLutt jj^SLi 


4.J\ k ii ^Jjft-t-u I ^JjojIj5w N • • JoC. Ij^J I ^_J ^siT* ^ .7.1 I 

J \ >+* ^ 4-a.jJ V'"!* * ^1 

• ^4 nJL^ 4^jJ <\V * * ’ ) < L* j lLa 4^jJ 0 £ • • * ^J^jlxlJL) jf£jja 


JJ5 dJj £j\ ^i£- t^j-U-uJLl jLa£l {Jl .ju \ \j N • 'jjj^-iLi oLifi^JlI ^ L"!,..t 

O \ ^ I cJLlI&LjluL S-^UJI I ^J-ui J Jj_a 4-la-i-u|l_£J 

. \^VV ^jnUinf l X• ^ Yj_t=kLi^flJ JJ^LLjj \^VV j« »" * "■ o ^\ j lAL^ij 

j > Ui OjL^ L^_i| Vj a O-flj ^i) X j i .^LjJ <j| J^jO ^Jcj 

4j Oj-oJ < \ M jLa 0 ^j"i i7it L ( N^J-=kL_jjJ Oj-oj .6j *> a oiuajj 4 * *k 

■ jJjj *\ (ji ( X jja.Lji) 


La Leu 4 i itii ^^L4 4il>l Jj_a. 6^L^UI £j!a -xll <S1^ ( ^ .-.a w.*^| 

* " 

4 fll~k jflJyi V iaj 4 I ^ fjjslJ <&J*. ^1 1 | t^l Sj^^jJLI SjLi^aJI Jn^ 

ijljjl 4jSJ <6j ii.«.n qIai j-ma. n 4fll*kll jl ^ ^j^ULI 

0-° f b-^i 45-*J ‘ LaLaS L^jLi. jl L^i 4 i 1 .1 . r > a j-S] ji 

jLa-flVI ilLt ^j-o .* *H 4-j^il J rin ^SJI 4 .. a jLa^l L^-il i <iln •% t ^aLLaAII 

% ^Jc. ^ I^V I 6.1 a (J a »1 ^t Umi ^Jc. 4jal£ll A^j=kVI ^Ull 

.CiUkH J3J^x J^lj AjjLiHil SjkjaJI JjS 


L> ijj mi a II Sj-uill 4 jujVI jLo^Vl ^j-o jaj iJ^J Ij^j^ ^ N ■’•.Uaitl 

< Euro pa Ljjjj <lo^jl :^!>VI_^ a 1 ifill l j-° ^jjIj ill LbjLjul >_ Lu^Jil 

jjb j lja^"h LajJL^i Ljjj j-aJa jilajj.Callisto jj»j]LSj «Ganymede ,nnj jI 
■***« Ijjjoit Lu >5 j LjLuia jJjJUi jjI Lai ijajSllI ^ IS ji i^l 
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^LaJI ^ j&*\ LAjIj o-° Loflo J£ j JwJ lgj J jA j jlaj 

- ^1 ^Lo^JjS £AVA JjUac ^JaA ^JjUriC <—i^-ji^JI 

L j-v j <" t“ d U>,,. ^ lr d «Ji < A a olAjA 4aJalJ j * ■ ■» ^cJ*i,i g jl 

*<U-oLa.4a ur\\ oLajaII ojjLjj d^c. o-° JllAj .<£>*.I <-A>i o-° 

. <_LLf Jj_o <4jLa oLfila. OJ_$S«J 


^-Ifc I 1_i I -tJrt 11 Jjjhj <I.U.J l£ Jjji ^j-l .<ti a ll ^^A | i La ^-ofiJ lj 

jJ- lO- 4^ j^_aJlj jll j—uLj J,aJU Jjl njj jJL I j. j i L- l l ^Jl^lill 

t j)~ /i.>M^ J[^Ja| 6 ^-JlaJ 4—i-Lalill) tafl 1 jJfl J-LAjL-a Lojj^J <Ajlj-aJJ 

• oLa^aII (Jjfi* cJ-° AjS^if 4_Lajll A*_» JsLJuj <j JI jj ^Lfi 4 

Jj-LLla <1 J vAjjLa. Jjl ^x.^1I ^Jc 4 jV <C>Ij j» - » ilr CjLj-L»$ 4j^aj1a CjSj-a_ij 
I jlijj jJIjJ V J-i.AjiLa. ^r-U LJt <J^klJ j Jfrlalia I juAiI J_a^j 4 jI Vj <^11 ntLS (Jia oLa^A 

.CjLa^aJI ^ya jjS I jfl-hl I Lg_ij V\ >. la 


^J*JI <>o ~ Ll^J (jJ] VJ^* 0^ 4j 

iljftj"il^ (j-o Ji fill ^aI.^ a.jLaJ I 4_itljj L^a j ijAj (^jll ,UI iiljV 

L ft{ j A 6 J£^3k_}U C- LLI (jf J^C. ^Jc (Jjj 4 iAi%l4 oLitii I ft (3 Ij < J*t I illlLSj 

|.f La^iVI ^A ^Jj 


^Aj '"■* i^cixuJI JjC Ijj^L^a Lij^j ^JaJU ^jJI +■ *■»- ^»1 1 ji*i« \ jjj 

I Cllj 4 %4Jt jJ-uj . j "hj f J <aJjxo ^Jq^Li 4jI j ( <| Lo Lijjj 

jjl J^alaJll t a. 4 n il IJ-A *n i Jjl c-fljl i/"n> J_A ■ • C > l *i- A l Lij^j 

.jLl j^a Lu iL i JA l_L (La^lL 4 jI ^JLill ^lulu J£j - ^ < ‘v« pULI ^Ijjjj Jil^Jtj 

U>* «<jj-fcAll J-ilaJI I j j fl CjLAjA jlj] «Jtk^_A «tillj j-oj) 

. ^ . ulrw ltj Ij nUr>l jVf ^a(£II CjA^II cJLxA ' 


plj^-u^ CjLa^Laj ^ I n* a < ^A Lj^j JjL-i mj J~^ <—uj-X. iJLj-A^ 

oLo^UJI (Jj-o ^«ti, A Jft dj^jbcu jJLxj AJ-Aj .0.CJI ^LUc ^A I 'Vj j ■ * ^ *" •* JA ^ * >8**,* * 

•oljlS Lfil {S k. L*jL^uij £J>«A jk^Vl ,>» ^.jj ^ tjLjjiliJI I^.hj ^1 
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jaaII 4 i* 11U jiiAjj 4 (^J^inal! jLaSVl *_>j5Vl jaaJI jA <jj1 

( ^ J^lj^i) jQy O fklll 4j}tj Jodj ,^j"t Mi /> II jj-cJlj dll plj iTl L IjjIj ^Vl 

jl!$j -illldl A -v *V* ^jQ_flJI Lr L ji 4 U.T.\ll |j^l^|l Jb ^ n If Ujj <"iitillj 

<jjLj jc. Jij V La | \ oLid^l Jli <4"x t**^a^TilI Ctlj niH jtiill 

CuLS 'jjj J “ 4 -JLijI dJLJ Ojjs Ladlcj i UiVi jLxAj! jjl ^ic. 4-aJajm (jJc 

^dll ^jVl < J-L3k^ll ,JLJI ^-A . Sj^Alua (J^l^-ill 6 J-A l j-° 4 * 1 " Jlj^V 

-4 U .Vi 4 Tk, U nt ^ If- d^.JJ 


pill 4xa viiA-ilij ij ^ i /-ill j^jjb 6j^ jjc. SjLif. ^j-Aj i 


ULU 






i^^Vl ^^jill ^^^jjJaLI jLdl Jlfij .4-ii^ldll 4jjI^Ai ^i 11 hi 6jjUoill jljllj 

L LJLc <^jj| ilLa. . jlijl l j-o 4 juAj Jaj-AAi (_^-aju ui^lc. ^jI -j da*jJ V 

IjLi£ J_l21 yjll -UitfjJI O IjUk-fljV I J,a jJ^L ^jll <Cu^i^ J i * I yjj I > ,i iV I 

* 

i«* ■y"« ^dll OujJ^ll jLLj jl^JbVI jk U« a .pl^JI jkjd*ll 4 ~k lini & IjLojJ 

oLAj-aK SLaj ^1 4_ijjj_j^1I ^_a_=JI Jja ^A-a-oIj jArkl I ran i i ^ I n Aa t jJj 

.dJk_i LoLaj M-o-a ^aJj I «^*jjSLa ^3lI oLA_$aJI jrJ l c—iL*.ti3?5aI ^3ll 


<J*Ad&l| QC- \lXl U*Sij£ll 


^_fi »*lj *v «* 1^1* -»■'» 4- Ajj ia-i Ij.Ai/all L^-iljIdA ^jJjIiII jjl^iii j-a J iJ t II jl£ 
c .i^ i i^ l ttUdJj jx^Lyi) I 0 % f' Ji9-k f4j ‘J^O <j-* Vi^ J^ 44 * 

cA>^^ ^Uii. ll >lo>L^ t • , V • • J*-» ( \ \ jJJJjL) O^a ■ 

L^jI ^Sll CjLaIdJI ^jC. 4 ala w"iAi \jf-u* O-L-i^jlj * \\V\ j i fti mi \ ^-A 

.4_u-aj,VI hU^l^ll 6^-^.I h*i ^1 La£. I J iA»j 

olJj aJU iJbj « Jxj | \ O^dC. (N*\A* ^loJljj Y\ ^ <ijl3 JAj 

Jxoli - 4 j^jLxII oLaLJI kill ^Jljjiu 4 ■■ ! A * a J^ i ti i CjIaUII 
...... lllsS JLi. <ul ^Jc ^jVl ,>> Uj ^iJI ( Cassinidivision^°^ Lr Li^i5 
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. .-. I IJ IA.I 1 .J i*jij otila. 6J£. lJ -L- ^gj'i-t-1 <jl cuj I (^-iftj. -k ll 

jl jJUjj Jj»o <Qjjj j^iu Lfljj 4xo (Ja.j *1-2*-* I <_y* I Ci l fllx ll Jxojj 

4J I ">■ La£j . <UjJ^a Lb f .* ~v I j J jj * «j La Loj 4 ^ Into j if LiJ I OI fl I ijA&j 
oLaiail <Li«=kjL^JI <_fll_^JI ^Lg_la 4 j^Ij ^JjiVI £j 1 * jLaJJI illLiib 1 <ntI 

.oLlLJI (J-2wL oLuj^JI ^Jc fjj&xt Lojjj 


Mi- < ju I n 1 nj . LiLfl^xo La^ oLAjA flirt l nj jLa^VI jJ^aI 

JJ 4Jb^All ^jJI * ^ Aflj £-0 4-uuLjjj IoA^. SjjjS 4_A^J <J ni3S 

* 

* L u^ aS j^all 


4 j\j-wxJ 4lc j-* ujj djlj-o JjL±u jxi^l LuIj I j-o_a Dione tAfcH >aiJI 0< 

4— uulj (Ja-j ^-*~‘ * ' <^Al I (2 /-SL-oJI (jjl mill itlfil I (_><JJJJ 4 [1 o J 1.1 *k ij .4-X.jJ 

4i1 1 i .t, 7sj Jjl j Trojan situation "^jlj^kil ^SjiL" II* ^^ mjj <cJLjJI 

Cj I JjO ^LXJXXdOJ i flU ^ juxluII JAuilj ^JjC. jjuAjJ 

g l - rtm l l^J CuLcI q( jVj >^3l~^>Vl 4jjLuua OjjLxxtJ ■"■! iftl i ^‘j-o jujjj 
^AU-y -Iflo 4-o_oJ J^.tjll iajl aii Trojan War 4 jjIjjUI ^jjJI JLUjI 
(NAW-WVT) Joseph Louis Lagrange ^1 ^>*JI (^JUuVI 

li* Jjl 4fixl 4j| > 4 > 7 i *i^~i j| Jxfl jjj* ^J-o (j-Jcj < \ • 4jxu Jjx JjI 

•(jj)-*'® <GI Liifllxi LuIj Ji^ifitll 

# * * * 

I-j- ; <*■ LoLu (julol Enceladus j « 51 1 jl i^j j_3j 

■ 4 < <Tk Lfl 6jiai 6^*j j»J < ^ ^ jxa.L_ji^ j| jjt 


Ljjt Ujjj ji£! C^jo^j^l i> Ij? *>Ai Lujc. i^j»S lapetus ^jliL j-~«. 

j2 ouAlill jiS Uj .^Vl i-ilUJI ^ jjSj Lot Ja>3 cxil^ya. Ja.1 jjSA 
i>° *^>“ 0^ S J^II t#AxaJ Ja.1 ,j] (jXXj liji ,Ja.j lja.lj L^x.j LuIj 4 ^.Ijj 4j] 
CuLij .Ja.j i>0 >A.VI 4_a.jJI J-a Li^j-o j_a.VI 6jSJI <_Lua^ jLSj Ja.J J-^.1 

4 ' I*® ^1 ®J^II J^l (^o jl . ‘H»l jojliL jj 4-V ,r.n 
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jupiL jl iSJiS ‘ ( \ j.l^Ijjj| <7>~i it IJ .^&VI i Ann'ill 

•Ja-IJj ^gj~k 1/1 _^kVI 4-a^jJlj g-filL ^Ini a ,*i9^j Jl J«t\i *t_l^nkj J^l « ljA- ^») J _^o-9 

? Ijjt i_llmil V 

jLliI j '*»■ ^jll Titan jllu jJ> <IU«II jjLJLi tdJj £-oj 

d^J Ja ., A wij'iLa. ^jjjlJ.1 jiJ |t-L-wll ^juaIu ^jjl jaaII ijlj njatj 

_j-aUI <GLi i__B_3_jJ«JL I M jin ft lull 4 c^juJLI I,lj -k_yl I jJbj — Ly^. Lfl^Lc. jllLljl Jl 

^gj"»n. * i ijl j Ja jj£V IJ . jlil I Ja 4iiiaJ Ij ij n^l I jIjV I Ja jjjSJ I ^^Jc. ^1% i ^ jl I 

-jljfil J-* *CA*a t£>aJI <U5li 


jaIxij y^jaiA oljj j^jS *jj lyJc. i> (jLikl 1 Jj£“ 

Ja I 1 ifl«~ j~Xl diLjjJi. 'j ^j Jt ■-■!«» » cillxA duLSiJ .<Li)aAaJI o Hi Jail Ini ml 

L j J q'l LaJI dil In 1 -w n Ja LLLc. J^Sj **->1 •<—a.jjJ jLi-JJ l n»» i ^^ic. jljiaJU 

.".I \ ija. Ja t .7.V* I Q *1 mil J|_i J Q 'll I 5j|jl j *l< 3 \ ^*i nj .4—1—ilfl 111VI o I jl—fll Ij 

■ ■ « n.~ J | ^ 0 1 I JaLlJ . La ■"* 5 I ‘ n.1 1 J|J . *n 4_lfi Ijij wLA jljjj J Ij I nf 

.JA^UuJI 1.10-1 <dljuul jt ( \ ^1 aIjj1| 


fi _ ( I t t 

jjJt d~al I Xa — Lx-ii^Lo jl£! Lu <iLi£ L^. Li^li. J .«.a JL jl 'iu l jl cwj 
j(a^ J~k^j"~ilI ^n m kj 1 i^ll idiij ^aj .jjajVl 4 aIj^ Aja ^ , 0 Juaj JdVI 

^Jj i_jjlja£i 5 )1) 1 in ^j-A lj^kj-o Jl"illI jl_^ .A Afl I Ja u II I 1 i iijS 1 V 

,')q ^-i Lsjj jl JjLuJI (jlAi^uJI ^a plj 1 n 1 j ft A II ,‘iA ^-i Jl ^J| ^ I nm ll Jjju 

^pLS-JI I (]•■<>! Ijj 6 J^_a! i-^JI jj Jtj)J V JJj • JL? ^ 0 ^uLi-iIl 
Ll. »lI <J^ 1 J n A-u |jX (JLlA I iJjLjJI Ctl "kjJ 

f 

J...J ■ a^.. 1 J^i-c ^^11 V oLkud I^Jsj 

ol^ia ^-fil via 


L&£ CiLo^Iaa <J I ^-if^jvulJ Jxujj |J i^udJf o l.*t^ 11 Ij^J 0*5 ^ 

^ ^ f 

Ui% J* “ t>» J«l LfJc. Ijaxlj Jl Ja ^tjil t\jj 

<_i_ik3jVl 5J) ^ ^k.V I ^Jajojl^jj tdlj £-oj . dlllA J-aJt-i Jljj Vj , hj^I ia I I a^ Ij 4jLjjll 
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jfi AJjjuII . 4 rjj a ft vl i.l ^ 4 lil a a I i iSj| I^A^JLi jl , 'i q i^ l tt ll ^Llauul 

•4-ux.UU 4lilall .">lji.»ll j»*.»ll 

James L. Elliot i iitn^l < \^VV ^jL \ • 

Ctlj^a 6JC. VSLL v^-~>ll jl < (ju^jljjl i-iUJi i jl ^i~l i_ll^i*l •vl l U/l jj jl£i I a,! if 

i.V3>"iii jl AJLj 4jLu jjiiXc tin'll VStu itlij 1 ja 1 _Jjxfll Lai£ jyua t>nil 

Luijll oLaLJI jn jjc 4_j luvj ij“jjlji)l jl jji <i S*i i j *41 a Ij jc 

.~.l fl 1 . ..-V I | j^Q 

jJj c5j ~' *~^ ^ Lft iiILj^-s *iUj (_yic.j 

j^Sj jJSj.I iiiil ci15l-i ..vi» ill jj~i n oSjll jl Ij| <LJLa. ju-Ajll jja j^SLi 

<Jjlx (Jia SjJJ^JI i_jSljill 4 n 1 .U a ) q^gu 4 ill .n i 4 all 1 I iij^ l yl I aj »1^11 j l iivV l 

*itj nl i n <1 jlitj iCiUL. <1 qjsxj jl jA «illjj 4•%J*ii <^jL*JI jjc. f^iillj .jLalVl 

-4 ii * Allj 4 ^IjjJI 0 UJ 4 JI jja ij »^ 

Charles Kowall Jl^ ^JjLi ^fL^nVl ^SLIill ■ a.r.~< l «\^VV j . >a y. > ^ 
.Chiron jjj^vi ^v^l «uit jltal jij jlj-aj Jaj jIao jo 6 jIao jJL. 

ijSlj^JI 4xj, a 1 -a oLjSLySJI iijLc. j* iioLS 4-C.J nl n jc Ijjb ^ ■ a3j 

4 'l l II1J JolU 1*1 a ^J Luj < 1 *~«I I^I^II * I j 1 I 4 l n .. .1 Ly ^JI. .. V. 1 1 jx. * * » a il l 

■ l^. V a ,UulI 1 al ■» > KV 4 1jjI 4 i»U.ll 

4 

jij Jaaj ijSIjSJI . tij>L 4 j jl£ Pluto j'j 1 . 1 

(-\^ • T) Clyde William Tombaugh jL«jS ^LLj -Vl ^<lil l 4 a .*-< 1 

(_K»jVl 4-4 L 4 . V <1 J_i_a ^yi J .I 1 ^ jl J— a. 4j| J. m V I ^yi i~n_i jL£j « \ • ^.Ix ^yi 

L&£ «dJj £-o> -(4 _i >j lajl i_j^(j£bJI JLa JpL nC i_iS^$ JL^. <jLi 4j| jj» ^x^11 
OJj .jjjS J£ £-aj . ji-xil Loja. 6jUlxV ulu, Jli* jl£ ^Ll.^ft'l jjS*| 5jj.41, 

■ jLl n^WI ^yi ,lill 4~lti^ 

* ^ o*iljiSII j* (51 jt 4jj l uin jJiSl jlio 

Cxi ~» /» Lh» o" A Cr* I—°L°j v j-*i ^ v ^perihelion ^1 4 us*. i~.r j^SLj 
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£c-l&u> j-o ‘Cujj Jfl m V I jaj ^I^JI <JaAj jjo LujJ jjp l ) ji*i,» i LJLa,J j ‘J ■ "** 

■ ^lill Jjillj ^jLJI jjiJI JljJa U J^J" ' L*t ^jVl 

J3ITICS W. ^mi .j jua i ^£j^joVl ^^iftjl ^Ualaul * N ^VA YY 
ojjLi <_jJc jltai J-ij . Luj_5j <«-v Ji_o ^^4 jjj-LJ jl jui^i jl Christy 

.Chron 


| | |^J I J 

I 


^Li iu .ijil <->L*JI ^4 j fl fill ^IjjJ ‘Aj-a-flj lA-» LflLuull Jj-aj 

I ^Ii_jiji jjI »-*‘ Ljj_o_fl <Jj£ Jj-o \/A JjjC. J_ij_j V <1^1I &JJb Jj I ^cuaj I J-£j . 

t 

i> q> Li ^Jskflj i jILojlifk X * • * ^j^L* ^ 1 “ ^ I * 4*1 * 1 jj ^ L-o lj-* ■ >-> 

■ <J&u«yLa jLlAI JjjC. V jLJLsJI I j_Aj NX * • l^-~^ 

ulli J-lt jl l j^0 <= I^JUJ A^jjj tj 1 "’W^ I j5 A.II oLI-.t.^i 

I—c—flj) 11 Ij ,*i.i L£ Laa jJL£ I ^J'« a a 7.1 I ^)-C Sj i_* JI t I 4 r j} ft ^ > 

• ^ I niA V I Jjjl I AjawuI | ^ L Lui^JujuV I 

jjl 1**1^ p" "»- " « - » |J_A cllj £-JOj 

* * * 

L pJJ ^_fl <j| I f^ya iJ-A jl S I .1 I fla*! 

S ^n a ilit 1 6 J l >, ,i N 

Jai-J 1 (j-o jJjj ^Li •c^jVl ^jja IJhih oliLt^Lu nV I &Jjb jl Ijjj.iC I LI I * ^ * L 

j^jVl ^ 4_iLuji,l jLu-2wV I^^-iu ^.*Iir- 4 __uLo_) <_uLuOLftll j* Ij « *■! I jjAjljiu 14 Q <dlj 
1U.J jl j-aj .Jaj ^Jl Jj—^3>Ji Ij 0 a i . jjj . 7 . f j -igj -' . 7 .11 ^1 

^ujojuuJI j£. 6J 131 tl i ■ j*\! I <Cja% a j^a ujlVl ^JI^lII ^J| ^!uk lutiljl 4jjl iti^*ii nl 

.(qIj'i.m j.trf-,) .\««ll ^_ya j£i\ 

6jLuiJI jlal ift ^j-o QI ^jl J^xaj <Jlj 

jAaj Xflj ^ iJjlf 4 K .7.1 I ~ * ... t <JjJb(JU .~.l *t Lj *1 ...II J | J t 11 

1 » Jflj .^kj ^Jl <i^JJ |iLlaII I ^ «« «'■■ I I LLi^l ‘"‘I '* '“‘1 I 

jLiVl jl Jtlji Cuidl La Ijj ^k) ^jlitii I fIjj CiI j^jjS 

•Ja.jp Ijj It Ci^lajj jkllillj 6^jaLxJL I jIm jij < Ja.jl JuVl 
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i_s^Ul)I ^jlj i-a.L j ^ f i JI jjL«j jl ~** v j ^ * I >j *j j 
oj* “dlj it* jgjlj . . t.i ^ ]l I ^uiAjU jii a^ H (jt 6dijull 4AjjVl 

k-jSIjSil i—a^L^.i Jjc Z.\ j«..JI i_jS(j!SJI icj_*a —o ^ 1 rt~i SjLil ji^Vl 

I j *11 J^_uij V ji — 6 ^u^JI jLifiVl L^jlj &i 11 

Lf jLuJalsII JLaJLI (J^lj jIaSiVI t>AA -(j^l ijJ-lajA jJt <Aa.jJjiSj olj>Uj 

1 ^ » 4 A^J pi i A ill I ^ tt JH oLcj a •> 1 <£1$-* I ^L*_iiVl 6J_ui ji SuLwj ‘C$J ~ ‘‘■■‘'II 

. JUI ^LiiVI 

J)l*w*i ^J~-" -II ij 1 ».JU» jLaSl < 111 al (JSVl ^-lc. <itllj ,j-o ^£.jll 

jLajVlj ^j" • "11 1 ([ » iLialjil ^ i<*»j j^njj <^in jlni» 11 <ILa^a 

4olj i J^ pa JJ L^iu^l ^mJI ^lai i jl ^11 


liUUt 

(jUaj <L(_^lII ^, A 1 _i i i 1 ^ K 4 t <n n ititl 4-Cj n 11 Ciil^ Jjj 

• lilj Lajl^la I ijd J~il jj) ajjjjjaJLi Jjjii c^jjuijJI 

<Jj-A |j-o cJS 1 » 5> <<Jaa-Lll liiti ( jjj .JJJ-L ^A 4_fl^JU ^jjJI IjJU ^-J-SV1 i_u£j£i]lj 
£-»j J)- 0 t_> “ A it JI ^1 v-> _>S| j-Aj < perihelion 4 -ujIj <Jajj ,j-o LujJs jjjL j r» *> 

Jpj J-pOJ j] I^ujlill JJJJ jjJc. *Jlj J*j jjjL ^Sbljll ijjuj <*illj 

ilua JAjj . t\ M ^^aphelion <Ujj ikiij .^nntill ^y> <kij 

■ J* jjiuJ 5j* N , "\ jl (jiUmiII j* jlojliS V,Vo*, ♦ • • , • • • 

? *IjJ <J '-^“i jl-A« ‘•J < J»'» « t . H <c^aaJLI Jajj Ja 

LfJ>i ,jA fAjJlj L$jl itiAAj <lj l U*i a oljljjo I 4 I LL-aI Lkljj ciil* 1 »«*« 

Cy iiLpp-o pijj J ja. Ti Lfj] Vj < *m 2 i aic <tJI jjj» 

'comets o l j iijl J I^**<»■ 1^ ^ **11** j . . »*.il l ajc 
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i_j£I jSJI 4—iijLa. >_ij ^ U>j ^ J-fi Lftl'jl ^IiJi oLujll tjA *i (jL-A < ^ * "*■ 1 
*_t_j-5l j n»~i L^jLi <_i33ll jjc. -v Lg.il ■*•■ ■ -.» (t_zj ~ I <t_ujL=>. * ■»! 


■ o-° (_>«■ «>' . tJ I 


jk l hil l (JA.Ij Ljjljlj-O i_sljial Oa.1 Jac. £jl» oLuiLa liilj £-oJ 
(^\*)N.***, .. • • • •**-? iS ^- j^VI *—ijJ=J I iji 

LuI a Sir- I vg5> i.h,‘i a ^_Lcr <c^i^^jo 6j^ I I. jj • 1 -(JmajJuII ^jjo 

t * * 

Jj-a oVL^ iii i atl \ \ t * i Ja -v" uJ^UU 

^1 hill 6^0 i_ tl\I I j A. 11 jjl Jj-fl ^ * A M jl «Gjl_U lit J-L-*-JI g I - A All 

(JJaj *<L»1 a^II SjILaII iliEi (Jajjj (J^k i in 6^)^^VI pL£j <£-a1=JLi ^Jc. — ^j£j£II 

* 

.fthUJuli luikj!l 6 jaa 1 I 6JJk LiflLi 4juuij ^^uiull 


(j£lj |»>l tVill jAjj ^lll q[ rail Jj-o illlj-A Jjjii «£aULi$ 

£ ,V •,•*•,•• • jJLJI d « ■» * »d r^j a -v 11 £UjLj J^La. 

% p , 

.^u^LuJl LkJJU oil rj.l fl l V Jlji Vj {SS* 4 .J (JLjJ ^ifctoull 

<iLt ^ j^jj I **» | ^ | N • | \ **,••*,•••,••• ii <1| Sin* j 

* 

jjjajl JjJ ^ ^-fl (J iS\~\ JJL.JI <* i ill iti oljlJ-o < lj_^ X.i*« Jl Ciljlj-ll 


.^i a i mI I ^y* 


Ljjjj ^1 6 ^a 1 jlJ 1 d «11 oLroll 6 jjk LxjJI Ji^ij 

jl I j iAi >1 jkljJa^aVI pLul Ciil^ L^jljlj-o jV < <JJjitl 

«6jjLi Q. \ “Wl Ijij .^11 fl lljl ^8 <JJ^ill ^.J Tib if 1 < MjL=k jJjGj 

^fU^UM J j ^ I a 

.jSVl Je. ^Vl Aljl, 


jLILq ^jiia itJf i-lll ^ a JiAi yjJI oLujll 

v_il u/> 11'« Jllujj J »%*ilI ^iLuu uic. jiiawII SjIja J*«j I «i>if i<AjI j 

^ ^jUJ solar winds nm i«H ^Ljll Luu clij jju ^jllj >jUillj jImII 

<L»j3JI JiV i Cil « j m ■%!! ^ya jLj (a j I n «> i till ^lyll) (_y-Aj — iLjJo Jlfjl i jJjuA 
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jJLi Ij a*\j . oLaL^^I ^ ia% iT.ilI ^jjo jauij JSLujj <jj “> i nt I 

ixLi SjL-lLJI }£□ ^_j.nift (till ^Li^JI^ ajIj- -til 

4 j fl 111 LujJlj UJ^* J-5 11 ^ li^aVl ^jJjSlJLi lillj £-oj .4 ilioVl <jLj^£Lo (Jxoj V 

l j-a ^Laj .iSj .4 Uu-utill <Lcj n^II <j-o .Cu^£j ^jJI jLillj jLiili 3-° <j_iLj]I 


4 fj j -s. 11 pLiljj ^ oLo^ix-a ^Jc J[j na"kJf 6 J_l*_iJ I O Lull I <xuf^J ciljJ 4 -^lu -l «al I 


^£LI *1Xj oljl^y^ll ^jl Liil ^ i * i V IjJb jl J-U 

JdLaj LjJ L^jIjIJjO Jjil <fc^a^ho (Jilj pi uJlo ilIllA JjLfl <4-j_uljjJI oltu 

I ( p* » lj*Jj LfcJbOau JjS-oj jVl (j-o ljj| ^jJ y J5j jlJ-® *Ij^ £jLi ^Ij 

J)]-A ^(Jl^^yi .(j ua mJ I {jC. 6J j * i H t_j£{j£jf 4c^auo <,flit5h*tiiiiii> lj£ ^1 

jj ^Jc. in 6j j 4-a*j*AJ y ^jn n itklI JjC a.hl ill ol -uAl I 6U-A 

. J>*oj Jjj* 4 i If, CuS ^£jJI 

^ *J4jI CiIjJajL&JI gLjJjjj jLjJL 6j-aLftll jid£ Lil I j^Aj Lqjjj 

3^^* aj (JL 4 ^jLuJII CjLuIU Jjj® (£^31 4fLol * ol tj-vl jp 

• I ^jC. 6J I*,aJI cjSIjSII 

^_y> JJC p Ij^ ^jlj JSjJu c^jJu y 131 ijjjJ 

M l J l < Lojj !JS1I cJflj 1 .1 fl L^la J-2wlj pjlaj Ijl SO-tLaJLi 
• JjiV ( _ r ^a5Vl jaJI ^4 JJ>L (jjSj L ijj < JJul Jjialla S^olill 
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• X * \A tJ jSJ .I 6 L ij * mJ ( Lii yjjj Cam AV i j_a jjJj I^Jli t.nj * 

(<~^') 

.Lfjuuij j^kll jjx. ^LlaaVI <kSi ^ajII L* JJ L 4 * < 1 a.j (X) 

(f^ 1 ^) ^J cX^yl J*l>ui < 1***1iX^j* jLaj \ jjujLa (T) 

^ ha a <11 £Ajil |^j iiMA^JI :qI.i^»j£II ^lja» j 

0* JJ j®jVl j* i_iL^iil iaujlA t^4j) 0 > X ^1 X 

• j^^aJLI uliiM ^ujdtli «cilj>*4 X ^IJT AjA ^iio imH Jja> oLi^a^II *^ 11 vj^luj .^ma««II 

.(J J I Ja.j Cj^i viVl <5iC ^fja. I+juojC. S^ai ^'um^ J*ati (o) 

*j* O ^k l K i JJ>Lj Ji>ui jJjgig r l nu ia liU^ « ?j ...*i l iH jfla* La ji fc (A) 

.^Uli'iM Jalij 04c ^JLMI jjuJI ^ ^ |ju ^jc, fjju jjil jj^Lj 4 IaAj^I ^Jc Jj}Laaj t jjjljil ^iljll 

Mju) 

|^Aijill| .oii* jl jLm^ iJIi ^ jmamII ^11 i_i^2iVl <kiJI ^Ui» (V) 

.jjuaJJI jfc jLujl dla t ji JJuVl <UjII :ul)ll <lali (A) 
(^ajaLI) Ja>L ^^LUj jl Ja (^) 

.pi ftLa iVl Ol^ ^|l ja« im H jc IjJJU itij'llJ ii^ilI '*■! * * • “ Ci^jLaI -4 ■ ■ -■ » •■■ |\ * | 
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j tuft J^aaJI 






ULfil ^jli) A un a A\l <_cj) n U ^ic. I ^ fl o Jjl * n.iV I i^ijLt-cu ^J 

rwJl 1 <q(.u j .11 JAj u^ JAj jJ& 1 \ dlLj_A V < 1 Q-v ljjJ_^-o 

. Jl ^.iiiLij ( j a ^ jIoj ?nuaitJI 

^^-ijujuH ljj_u (Jji <\ * *H a j_a ^Jl L^_lc.I^ 3 4-i_^.Mijll xqj j)Vl^ 


^ aj jj jl J-o jJ>,i c_fi^ui <-ojLflJ I pljuii jl J-o A fll-nn 

-6J Ja-a jJC ^jLaJI 


<lh° 0-° 5iL-uJ J j - fl Ckl l ^J! 4 d Tk"i ll \ - ^>-yjjL» Ja^jj 

Jjl^Li-u 4iLi-«jll ^ iaJd-ilj ^xL5 j3j .^ljuj TTx \ 0 4_j_uI£a . . A \H i ^ k.tt o jSb^JOA^JVf 

jLa.Luu laiJ I ,g "i i nj j (~\ *) Frank D. Darke Jl. j Jjlj-ij Carl Sagan 

.Linda Sagan 


Sij ^ kll jjb 5JU-JI 6 jj& j la111 oiillj 

CiLtt^la II joAj <1Lmj^ 1I ^J,.i*i 1*11 jjj I “i ~kI 1 a 1 j 

iS*J -^LajVI 1 j-A L ^S l «-ujlj \ • j-Uj-iL Qln^ j^Jill pLSjI'V 11 

<AJ^I J 2 Vl ^^Jc. CajoA «aJJj£ jSLj uIj •^)IuJIj ^ItiueJI jm SjL^j^ .Jj 

.AiIL ^jLual 
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13U a JuIjAaj \ * ^kjlnVt aI^IIj * Ijtf 

^jaiL&JLI wfljjuufl UjLjljI Ijj-culij f LVl Jj-a ^-fl 4-ifl(-C oISjI-va lfl~a .f/«0 Lo 

■ LaiI jLui^J ^biaJI 

Lfl-a l v~t I iil »Jill I !_j^ljiJlj L yiAiIil\ JlLu jjl^J JajuuI ^yi Sajjj 

• i_j£Ij£JI ijt-i \ • jLiii a JtlSkj Ixi. £-a J[$a. Sjjja.^1.1 ol jl-kllj < i w nifl 

.jjluJI Jiujl (^jll ^Sjll Ij-lLl < ti II Aim! I 4cja^II j ■ * »"l Lia(£ f jjk /i 1^1 

6j£i Lr la*jj 6_>aJ,l (j >»n.tJ ) £-5j_o <jt jJ*j J-^jJll Ljjjlakj jt^oj dllAj 

■jitull 4-Jj Jj^aj ^jJI ^1* 11 fjiT.II ,jc 

J-^Vl jili 4 ^<u‘i 4 iiii n itill 4c^tail I .Ail jjUuLui ^jtl N \ jiijjL 

•G^ 1 l> 


t LiAjI <Lcj flmn Jj Ja&£ 6i^l mi n jjSlJ Jjifi *j « a jjl ^julu jU'ti L&&4 Lei 

I *Aj| LfpLfl I <j-C JILoj ^SJI I fl I ** 4 fll inVLi 

. ol>^Vl (Jjlaj ^Lia^uiJ 


4ifltc oL^Jlo 4 jJ 6^Ljuu 1I AjJXudJI JjLlu^I 6dA Ja i jl ft»%iI ^JC Cy9j 

6 JX. JJU I j) Lm*K> J\ tlS^il Ja£ t I ft, \ Jjlj <±jJ^ La Ijjj “ *LiA_ftII i_bftLjX. 
cf* £*k u* “iU3 t>° cjk.J -O^ L>° Ca3aJI Ja ilA-i^Le 

t * 

6j^it Le <1 L^£j IjaJ Qji Luj^t dllj 6i& Le Ijj ^jljkjjj jt j^LVI 


Sclllft IjLo $4 n namfl <cje^ll JjLkj JLo^J ^juLfl aCjj I3U j3 

Jl^loA (Lu-uij 4 .Ii I «v Jk 4_»Li fl *A Jl £gl 1 ^ *13 6j^llf 

4 Luja <1iaAjo O^LJf ^ L£ ill jJau 4 Aj J k flJI jJu^aII 

JLiaJI jt Jjui Vj ijijVl JjJk Jti <4 Jirttl 4 ftlhl I eLa-uull 6j^ t jiiiu 

^»» jja^a ^T_fl-^tl j_3bJI pL^juJ! o-»L£j «JLlaI 6ic <1^ JM jj V Lj 4jJLaM 

• LjS ^ilAl 
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< V"WT <1^ . .t.tl jUjI Cassini jxa. jl jaj 

juijill-jt ..I a ti i_>SljSII .1 »il cJjtl dlj yj jt^ (jjll) Jaj ,jl «—ij^cj 

fJi < J_*jI Cjlil i u a jjJt Lfilj JjV Vl ll j|j « J^LajitS \ , 

■*j * »H jLuxI ^ all ,ja Jljj V CiLajkll 6JJ ^u^ji 

lia. pi a I nil Ct^Xi^lj .Ja.j ja Ij A »~i I~i V <jlLs p l«-p q ^Jc Lt^uija 

. LijS ■-■■■■«! Jlja V lj *iSI ii »i n« i till 4 c^Ula 1 I 


ja,u i jlS jlu 4 ^a>jl <i!Lxt jlii <J Ciil^ (jjllj jaUauVI A^lj 

•jj(^ (jjliVl ^JL*il >* jUS di-i .jLa^II 0-“ Oyj-S 0—* 

jl \ £ £ • jJ_c. 6j_ii pjllS ^ ^aII «(\fc*\£-\£. \) Nicholas of Cusa 

.pLuAftll IjJl <-lALxlo V jljcLi 6j<unll ^-A ^^oll tdlxLo V ^LuAflJI 

jljx.1 Ijij pLcja ^ a l^J Uj ^^ill 6JJb jjl { j]c. *l£|j 

.«_j£lj£kll 6JJb ^jJci ^jtijin <J^AlJll jJl^xll V 

t*\idua^a fjia <j£J jlifiVl 6 ±A ^jJc. jJ_Jj V^SlU 

«6jLxii Ijliil O-A^II <JJj jliiVl 6J_A OJj <jl JJ V$ . 4_l jfl s a I j il > 

(jl jAjj dlj £-oj .plaJxIl ,jj> AjAjJI I4I0 j^.iii J,l AjVj 
■^Lui Jjj Cilaj jalcj iMiA 4 _u_m Jtujjl^ <iikj J*u 4 jV 


X 


Giordano Bruno ^jj jJlj jj _j_^ ^LkjVI ^Jl_«JI ajLS.il ^ j_Sj 

dlfc .gi^iXpa. , t Vi l 'i . M*i jj-JI <f ildl ^^L^aVI ,‘iSJ .oLaajq /n -5 JJLt ( \ "\ • .—\ 0 £ A) 
u u a , ~ 1 ^ Sf® t"“*J c£^ <jLsS Copernicus ^jSjjjjjS jj£j «dlj ,j-o jjSVIj .a jail I 
ali i Ja.1 jja v_)jLaj l^j| <l_iSjJjjlSII Lmj'iSJI CJjAjijj ■■ iSIjSII ? <-j" - jSjx ^ 
<6aLuj plji <j 1 lx La ^a ^ 1 miS II ^uLuuj ^Jj .^alftllj ^‘n *11 jLuattJI \.X 

.jUIL lilja .1 jjjjj 

.jkjaJdl <aok*JI jLuVl Ixxaa Lf ic. ijjUkj] 5hfj JL* JjSi jijji Jaj ,JIj j_aj 

CuLi jl Ol (jJI IjjLil jjji JLl* JjLS (jujSaijjji JjJcl I a.lVfj 

t£j~i *-* J ‘“ * (jj| Jjja^-iill jjjjj J*_ilL aLbaill djApA 4 tjijVl 
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* * » 

O *1 ^ l*ij La dJj i \ Ljjb^ La^&skl ft ^ialla 

jfi 1 iii11 .^^Vl i-fljLJI jl ^juAjjjjJI J[^ Ljbjl J-Aii—al^Jal Jjal O^jVl 

jiL^ IjjJ •yill ( ^Parallax jJao-e <— fol.3..rkl j i > "ill I jjb 

cLujuII i yS ^^LkJI L^JLj-cij-o j. r»iii «_jjSl cul£ (jjJI ilI lilt jjl j' ^I■ j - 

. Ukjlxo ^a ^Vl i\ Lojac i jjuI oj!^ ^3ll ^.jVill 4 miilL 

Vjfl Ji jl Loj <j| l^lj Ja. ^a 6 . \ i •% <iaAj 6JJb CulSj 

^U-C i—i i m ^r.i ^rrijpj <JLjJa tJllA (j£-i jJ <jj ^jLjulJI I JJb ^_fl LoJb^LSh jl) 1 *ln^ a 

.parallax ^kUI tJ&llaJ 

ijl jjij jLuil jia < L^a ju&ILuu;lj ^J Lt ^Jall iS^J lillla o>1 ^ jjj 

6j-ulj jjjjf ■ 4 ^LaLuill ojIj l aK <1L-o jj^I ^ * «>*»» jJajJLI * 1 

Lao3^ I fl iflti 05^? (ji J ji3 ll j] i t i j -U cK>jVI Jc. 

I^iaj <j£J c^^lll (jo jL>Va l a*yl "I^ I jljJh <jl i^"i3~\Li ,6jlj-o lli£j£ 

.6jJjSj I fl * * * ■ a ^ < ^Lu^ ^JajJU jl^ jil LuuLmII UbjIjLiV 

^jdjVI dj^A JLa Jjll S.ilL di iLA^.ja Jajl 4-fll "imll j-ft 1 6 JJb OiJJ 

J_cLu ^LULlJ Ijj J.ifl ^yjjCl tjj^ 4j^iaj 4 \ a A| CjJjIjJ I a.Hf jilj <^110 i all 

- Vj *a j^$| LaLujubul «tl 

(WiY-Uol) Edmund Halley ikWI (-*>jj 

-^.j-aJjl j* J ^-aJc. jjJ-Sj JjI p 1^-a.l ^Ja.1 jjA * NV\A 4 xuj ^Jl ja Vj a ji jlial 

yJ| <jjj3)L JiLlaII ijl jojIjIj * Luj a « ti JajIL ojL^ ill (jl 

^Jll <Sirius <LuLJI ^^xJjl .OxuLuJI LajLlsI ^J| ii.i.»K>«» 

JJLju ^ I ^ *1 a -k juajil! Jla Lja JajIL L$jI jAj-iil .fl a mil 

J4^l !j_C g l A . ..II ^ .a! Ull L^JUjj I ittl J-JjJ V ^ll I 4 jjl At I f ^jJLmJI 


jC J“* “'ll JJU b^a \ Yo , * * * i^jOjVI jC ^JjLull t ittll J XI ^Jtjb jJJ 

luftLull ^Aiill Vjij jftjVl jc ^nftitill JJl.il <jj,toJI 4^^stl ^hVimLj .j<ajVl 
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iilunu Uc jjuj <uiUJI ^jjLdJulf jjl 1.1* (jjl c*jLS yill Ljj 

.>,jLS (' V \ -x V<\ j])\<\ ................ 

<<]j ...* l j .1 ■ ,» l j^Ai Vj^ — j"*jjj t l > ) j N^ — ULuua aIaj 

JjL (\V\ —\~Vi £) Olaus Romer j—»jj i#^Jiil j»L_S j_5j 

j<1 j yla ja^aJI Ij^J * \ i ^I jaj . ^ "VW pjirtlf *Lc^j_m i tiiI ll c l^_^l 

6JJk j« J£ La.t if.) ^gj*i I til I jt jojlfl Cii U, ul 1 a K jIaAI UlJ i ii ^ 

4_a_JL|I ■"lj K j ,^j~i i til I j* 1 aK i—A^uj^II ^Jljj jLJlVl 

<*jlj ojbSk I j .ULa. <Jjj5II <aia)I J^lijl Oij jc Jbjj V l^ilr ^jll 

.iulill ^ Ijlijl^ Y^W^Y , 0 ^Jk UL. iljjiil .^iaII 4cj^ 4a i.flj .<]jtaji Jjl 
J**' 1 I aj'if. tja>lj 4\ i ii ^jia i it Lb ic^uq 4 11 i^ijV I jiluIaIL Ic^juJI 6JJb jiluj 

oYY'YY !••• iil in a ^L5i icj^ull bi^j cl .A all cl^A. J)Li cj^All 

\ Y * 

^_fl tj i^llI 1 jjlInii ^iJI <iLull ^a inlj ( N • , 1Y 

.year—light o^All iluJL ilu. 

■jj)L jlxa jkl (jl I *1 n j A Ijj iu^o <lui jljJLo jt tj^i (Jj ll"! -^11 

• 4-t j i Al l 4u ul I jj. *y^ <— ill ,jj» jt ^LlL Jjjj I.AXJ i_jSI jSJI jj£I 

. jUujAA (2g~*li i| ULuj (jc 4 III mil ^jAull Jjlj jjJLb jjb Jbi «lllj 

JL. < « J a t m 4 ji l ol ll ^jAxull ^ ^ILt j ■' c" »«*<‘l jii i^JalLj 
. ji j ■ » j j ->j j (ji i,i^j tjjii ?! jLi 1^1 iJIj ^ L ~ii Sj V j _a u^Jlj <j»41.Ml 
^ l» a ll ^iull <_&tLaJ (j nji_i jjl cjll ^i»a .iiL^cil LSjjj jj£| jj.t i~> ^Jc ijjIlj 

Sj^a.^1! oLj ^. . ijfil L juiL jV lla ^1 n »A I jjb jliill jKj i^acl 

.^JL* ^ 

^1 jlj j jLjJjJ jjLlVl ^l a l l jjJtl I iiit’ir < NAVA |J^_aJI JaJ^j jJj 
j^lil ,>kl. jjXrG (\AiY-\VA£) Friedrich WHhelm Beasel Jju^. 
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c g. ul7\ .,.V( jjilall JjJcI ,JI_»JI «Jlj x,»jj . Cygni <a! soil ^a_*JJ 
jli-Lo i-pmj jc. (NA11-WA1) Thomas Henderson ^j^uujola 

^ 5 _i K Juyiji ^yjLLVl ^lall j>Jcl j < Alpha Centauri 

^ stall ^iaUI i—AI jc. (NAli-\VW) Friedrich von Struve >»ijj. *1 .■»<! 

.(‘Vega ^Sljll^l 

Loa Lujja o-a jjSju jtlkj jjt) jLj-aJI (Ja .j jjl £UAalj 

<LstLa.ll I ^tsajJlj . 4_aj^_to <jj-u i , V Jjijj jjli tdlj £_aj <?La-uJI j_a.l ^-aj ^I jjc. 
.4_uyjua <lu TV <jl mi n £JJ1jJ I ^ujllj 4iu N \ , Y .1 «jj « "\\ 

<.taViJ t | _)uauJI SeLaCaf Zja YT ^Jlj^a L^Laal jjia <Lj~iLa jl I ^^XaaJI jjl j^mOuIj 
A, M iuUJI J.Xaaj 'if-* LiS 'ij . n l^jl ^JL* j£i Lac. IjJU jjSl jj^Sti ijlj] 

.4aj£aOi 4*11.a 


O l Uil ia.jJ ^1 


(jJ| ^ |CV| O^La^J jtLtill lialajj .pST. <IJ < If! j)jj <J 111 -a.ttJI <Cjg vl I jji ^jLuu 


^ i*>( iA a j a 01 _LjIaa_j ^Jc. ol^jjj-u ^ iAi jji ^ \, ••*,*♦*,*•• 

^jjl jljall Jstj Jju (j^a 0 • » jt Joja V «illj £Ue 4_flLuJll ajjb Ji a . > 

05 tat ,ji >a.VI ,^11 L>° a5-^“ ^‘^*1 Ljj -j\5^l 

jC JSu V I—a jtxi <_)j_4l Jjjj JtCU jb lj] juau jl tkujjll <Cj mil 6J j j 


• 4.1 11 | ^ » 


oU-a i*_u ^lll Oijll ^5^11 jta ihj all rLualL ,‘i( £i jl i 4 _Ajl—tcall jaj 
cluJI jji ^aill J^j juaiailj . Ijjljja, j t'a>1 ^aill aji ^joatj oljluJI 

^auu <_tV_5l ilii ^ic bata iui ja cjat c^Lutiiu OLlu^VI jjJj Ul^ ^i]l 

•a.I olj^ JloAj .iu^jia <lu 4 \. t^ail 6 JJk J 5 I 9 Ji^j .galaxy 6 ^aa 

CfcaiLa X-«-ju j .ftftJ 05-jijjj o>fL j>-a t-ijJL La t# Jc. I. a JSk t^ fT-itj < l-iAj l 

.lujaall oI^jluJI (jajjbL La g n Ijjjtall oljiiall 


260 





II 


jJjli I *-!"*<* 4 L*.jJu s \1* til ^J"k\|l JjC. £j. \ .Tkfil I , \x ill J±£. ^ya yUl 

<LfljJ*_o <xCj (JLl^-fl <JJj £_aj> i liill j>j % il I v_i^5| ^Jj i_t« ts> i Ll 

«6.,\itill AJJb 

(j-tt tfjl I ^jj^l I J I I Sj-iShV I C* (j * < n l I (Jtjj^lfll I fJdU 

L^j!Lu ^jII 4jcIjjucJI jL<xiV \j radio telescopes < u jI >1I ■"«!>hll J^ai J« a 
dlljJ *^ »"*j ^^=JI Lii^L*- .^"aj ^iJI <X rays in mil LuiVl J!Lo <L_Jj| JaLilli 

• ^Ifliu 1 a. t-lAj J tv t.H t 

oL-^oLxlIlj quasars ^^11 *1 « ■ »< JlLo Llolj-^l 

^1 Sj^illl c*l>ailj black holes Jjj-tJI *_>jililj pulsars (jlj^L) 

j II j^ulill ^ya JjJjJI in n Cxj^ £iJ **** J-a.1 I 0 if ^ a i m 

jl 1 Ji^i <^ikJL fl^Vl 6J-& i_j IjJ-iV I 6j^ia^JI £_1L> ^ya JJj . I j 

-jJaliw-o L| ^.i ni^jj q\ jjjJ ^LaJI Jj-a ^Lllfl jj£| L^lo 

n\ ^^ojVl <Jj-a i_ji£lj^ JllA <Jjh S4 .1 i ^j% h i ^ il I <Jjh t Li^o-il jkj 

i> LX**- <^.LaJI !+*>* U^-“ ” I 4 ^ J i * n j>i (jLLjj-luVI 

SL*J V ji$ ^jVl Ijx. 1 ai a mi mtill Ij ^ «* aLa. J_=kj ^1 ?j^kl 

^ ^jUUU V oLfrjijjJ 6tXA.ij ■"» ' »«l 4 i ... a. fill LuC-JAAjO <J ifti<.nll 

I jLLj 9 (£j£tl (j^Lol JllA <jl ■ ‘^- * V I jLeJi < Lojj <*_£!j£ll pLjaxa 

(^^^1 CiljL^a, V I jLLj Jj < I ■ A«1 «p|^j V 

<aW-£II iilt <jl V] t llLkljj 0 aLu ji J^Laill jl Jj-o jxjll ^ jilj 

. I nAJjC. jJ-0 

.i^ij^n c-jii us jl& 3 jbuVi J ^ j-vl JjVi j&iVi 

«|JLail Jya j^ V i jjSJ oljlui iUIj <■» g l i ll {.Uatjll jjLajt ^' ll ‘ - CiaJ.'i.-vl oJU 

^iu jjSJI iiLuJll j^flll jjJj i _ya jVl ,> j> i nll ^.Ll Cilj cLu&ill jljj £ Lia-lj 
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Ui < nil *Lla.A Jjij 4l^j JjV *lXjinil Cul^J .(jfijVl 6 ^a \ , 0 

^jljjfill cbLi J* I'i’i^m Ji <la.j J[j| ic^ut jj-o *>“ Vo • • 

S^ll^jl ^uIjjj ft^a X 0 * * ^ajlOjVI d i*l ■ AaH jAuJI 4£.^aq ^IcLaa 

J-aj 4-Cj_i-JI J t» ..ij * lj <jl ^Ll 555lj (j-* (jJ] Jl^-ua^ll 

I'liu A ll |J ‘ "- *■« jl A^-o Vo • • JjjlII Ijjt uL^i 1 Vi^ftjj .4 I 'll ^11 J~ -jl» ^ \ , 0 

^Luj Jljj iJiJtll IjjA dkj .«jilill Ijljtji^ 0 Vo • iau^la JjAai jiLuj 
■|ij%ill o>jil < jlxaJI Ja>j ^Jl <Lui jjiuL 

^LJa lU'ti ^Xj i ■■* Ja"mi *_flj an ft »T o • * JaLlu 1 , 11*111 4x. j i n il Ljj I jj 1 1 ii ii ^ 

Jj‘^ Jail ^JjLufl OjjI ^Jl ^llaj ijjuj I-Uilill jlajlj^ \A, •••,••• jc 

•J 1 ^ 1 


ilui ^AJ .^Jjll 4 it I 4 J j!Lli ^Jl 4jj | 1 glLl ■'**■ ■ '■«! 4 Xji nil AJ^J iJ&aJI 
Aibort Einstoin ^ uiui o j, i i l , i ■<^ i h 11 ^_i(JLV I ft! I ^xiL < \ ^ • o 

lg\ ^ic Jll'lml 4jl ^ic J&u jjIlJI i^ I I mill jc 4 1 dll ^11 ( \ Aoo-\AV\J 

<J^ta-xll jLjLal xij • cj.^lfaJI <Lc^ua j« Jjj^l Ccjjuu |I^3i jLuj ^jl AjJu 
l^j| Ci-lij AJjJ£ JjLj L 4 -. ^i£ jl jla 4 j-j 1 a jII JyjLail i.ljif CiIja 4 uiLaJI 
4t_^ , A» ij I ij i t i iJllA <jl ^ 5 JJ j)l (j-iLjA* (^1 fJj i4-ajL-OJ 

jl ^ J»i in*i jJ 4 iM inlll CiLi^jII jl ^*nj fj^i jl£ Ijlj 

1 —illi ii uij 1 n 1 Jjjdl llA i,lifj <4 ill til joaj1i£ V^^V^V r 0 4_fc j .i ni jjLuii 
,6j_adl j_o (Jj— uOjJJ <lua V* • • • j < 1*44 i , V |L J ^ "il l UJ-il 

il^tl Aj % a dj ' id»pl 4 *11 n V , V* • r • • • j il ,|lj ^ i_tl^iaJI 4 aim V» • • * *j 
vjj-il ^J! <L«, N , - ♦ • . — , • • • j /^Andromeda galaxy 4 , 1 ,..J >.JLI 

^ aIxmI aUuI < 1 uh V* ,•••,**•,,•*• j ijhj ii ill at i Al 

•jjSJI J[^a 4 j*h ^*»***»***»**‘ Ly jj iUtiLiS£l 
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4,C^ju| 4£.jj4^ jj 1,I.I ^ill P^i^II *Lc.jju^ tjL^a&Lj 

IllV jl p Jail I lj^-t Ijtf.jAii CajI^ La Ijj t«i & i>-*j <(j£k£ JjjSkJ I ^i-utflAJ I-La. <l±loJ 

jjjli jjo! <ixLJI 111 6j^i,^ a 4 * i A i (gjj-n p^^-Ju ^l_i . I 'Ui ^1^1 JLjj ^ 

_ jA. .Jl ll^ac <JjJa pLuaftl ha ll£ ^J ^1^ < JllU 

<* j$y u5al pL^-llH (JaJJL fj J A flj V J^llll iJA *J $ J-* O^J 

^abjjLua £jfiJ ^lj ■%"! i nI I i» Wi i iil La Ijj p^a^II j -^1 ■'fk "kV La Oj^Jo iJtlA 

.4_laI^ <LajJj 

LjbUUJI jl <5 _Sj_^JI <JaLL Jjjb jjj-j ^jl < nl I Li ^^u-J j_aVLA JaaJI p^_uJj 

St~.<l l j ic: LlA i/loU. iJ k. JaTi ,t.l iiLUl (jl jac. . kinetic energy ^4_S_^JI 
jjljii ci >~v i <5x._^ui jjJj isLkJI ^a SjLjll JS tjj "kTi 4xAi~viII cjLcjjjJI j'ni 
. J_i* «A jljlu V| 4JtSII jljjj V I ft*nj <ajJj <lcjjlJI |> ■■■ -vlI 

4 iSj-all 4_slkll 6jLjjll (jj» JaVLA (JaVI |Jj ■^■*«« <Lcj_uJI Cijljjl I « K* dlj 
(JS J[j "h II 4,C^JU4 ujaAi LbJjcj .4 tSI i ^Jj Jjjllj Jj‘^ II J^AhLj 

1 alii jjSl 4 tSIl ^t i u>'i iti.i "w i <4 JjSJI ^Jl 4_iSj^JI 4iUo]l Llj^Aj ftjLjll 

jaaAIj lii ^A jlj «*ui|Vlj ^akjjLuall clj^JU tji tjL^ij j *»*‘ j(Sj V 4 cjjlJI 
^Ifj^UI j-kj jj£|j jjSl CajJj 4 JjSJI »*•"" jjt VI Jjjj V i_A^uj • 4j )lj »" ■ ..J 
■ p j < At I j a l -k 4c^ui ^li^Ti I j l» ?>~i ^iJI <&jjlL <ic.jiJI i^Jc. SjLjJI tii _pjj (jl 

l-0- ' i S l ‘(jjSkll I fl j l f ,')Vli (jl I, wai (jjll (_jA 4-Aj_)JaJI AJJk ,~iVSj Vl iii».'dL <»j JkAj 

! JljS JaaJL 

f LmiVIj <1^1^ (jill pLuiVl (^ic (^jJaj ^ ^ixpalaJI luuaill 4-i >Jaj (jl < 

jA»-oll (j-° (IjjIw) 4x.^jju 4jU Jijjj (jl (jSLoj aLAaJI jLp Juj t*»ft - UjJ ^jll 

(_^A |j£ijj (jl (j^0J pjdkoll CiLsk^s (Jaa itS L^j Cmijt ^gjll pLuiVlj -pJpaII 4Cj^m (jJj 

■ l)i« l-laj| Vj V<pjj-all 4c.^uu JaAA p|_}^ 

(j^L^I L+olc jLLp^lit^ll^ jaJL^^IpL-iVl Jc IjU^j 
cjVjL*—a (jA jlj_cVl *1 a ci . la .j1 I jLi ^'Imaginary numbers < ,iL a ~JI jljutVl' 
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jji Lulj jj % n jl uaj <KH 6JJk <J ^j»n> (gl jl jJ.i.i,i« I < j~» iti'ni 

icj-uj ^J| PJ_ia 1I <l£j i || leJkJ <£juu| <jl_J j£u jl li) tffc «=J ■ -j>tl iicjyui 

•e^uall JSl Ijjl V Jklj Ulfj V 

V.K. jjLuuj O.M.P. Bilaniuk j3j 

c*l n a 4.. -y\\ 6.1a E.C.G. Sudarshan jLijjLu. Deshpande 

jiL) tijJI jSuul Cilj.Uu JJUj .< \^'\Y 4‘tin 6j-o JbV p^_iaJI 

j* tachyon) LJS (—> WT) Gerald Feinberg Jl 

.oLj< il^ll | £Jjjlu ^y'lt ftl 4jjL^I 

otjJ 1.1LUI jlu J| 1 0 "in Jjli LjL&JI Cl I flim ^kfl jl 

oL j^LJI * t a ojLc jJj t <CLa ^c.jjuii I tt^*vi JaLu '»* 

f.L>| jy < A f ijA i ill iti Cl I fll«<«« JaA j^ n i <jLfi i La O—£j 4-ijLx CiI a > < n% ^Jl 

•p 1 ^ tr*^ Jl 

4>* jjjjtJI JjL^j <c.I^UI ■ fll jVI Lf l^. I ^I-" ■ ■■ * * U^-ll fjJj 

jtj < jl jSLal I jjj ,5jpajJI <j-wt til jA jl j5LoJ V jpLjjjalI 

^JJ <jjL*JI ■-■I««■ ■••>-11 pi — tachonic drive 4_u^i^l2ll iUljull p.t^.1 »il 
.-.I tjLcjj.^LJI jl_jJall ^ ^£ajJlj 

<.il»Vnu Lljl ^ jjj jl Lu^jiu Vj . Ltai olj»i/t jjJI I fajn.y ^gjt jj Jljui — < _i jl x , 

.uj^oJI Jiiiuill C*L*jI<aI 1 ft 'A 

ipu V p^aII j&Ia jl IJ Jk j^lt iJjuAA JjljJ iLpj 

e,jJu ff] j-o J-Ajl ‘-ijpi v|J» tpj • I ^ L*jl i~i ; U ^jU~i i ■■ l LiS o^jjla VI 

. F^ueJI j^lt j<tb jii itjLiia.1 jlu 

LfJ t>LA» pi Made holes ^ llj^uJI opLUl iJCll JJ-u^ ^Jc JUaj 
Jti Jia . OlfjV U 4jjjLaJI iju\j<itj£ll JmsH .Lij'vi <a»j4 ,jiu kil ^jJ] ijlll 

4 4>j«. )A Ct^LaJI Ljlull Jliu Ji njj^ll 
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JA JJjjmI Jjjll pLuiVI jjl J*-a11j yj^kll o^*® ijajitt 

^ya i_«j£ JS jl jjjJU -lift lilLaJI clt . IjLA. ,jxj ,*|»£JI O-0 -U*_JI p^ajl 

I jjj cosmic subway line. £m_b 3^* oL^j/^ljj < U-^ . a p Ijj_uJ I I 

jj-o <_ >LaJUI I'.-.<• IU~...I ^ij-o L' i j a-x j j^uuI <_Ju JSLI <Ucu^a. IVa■ m j 

jjjSij jjij i<i mia i pij^uji i_i_jS!ji jUja. 1 a® j^i i^j ui^ 1 cr® o^® 

(J-*- * " IjH p IJJ..JI - ■j**!! * "w| a o-a tj 1 ft.Tl iVI ,l‘if V] P^J-o&JI ja L%j q J ,. 1 j ft n 

.^&VI util 

^Iskj .ajjk fljjjuJI ■_j^£ll Sj£a j_o i^jjLjoill JS Jaii V <^-a. 3® U-^J 

LfJ cki^ ^umjj LajLajI 4_n—u_ a jLi i LsLajI Jxtlli p I I ujJLJI cuL£ jJ 

, "«■*~^JLJ ‘^-jIajJI I_^iVI (jj LkJ_Al lujJ ,‘ii ^i l| fll <ti i^lj 

i> <-®^~ la oLj * t r * t ij.i 1 i-ftj m -ft 4 j3-?Jlj jAI iSJ-B O* lX9^ J *®* 1 1 - 1 * 1 

• LujjSLill “Lfllj-kiJI ^A SjJAjJU ■-•! ‘J« --oil Jja a^a^yl1 £ lft~k 

jXj-^k JI i/u JlflliiU pljjjjJI i_i_j2iJI jkl L '->.~iiul !jA j 1 '* 1 !! I Vi^nt 'J iLajIj 

.^jjjill Jj£LuJII 


•p flu^JI 'i^l& Hfillal 


SO 1 t'V A ft 


l.s: -1 


f^uaJI ja>l& iliaa 

jl ^-uoLaJI * Cj ) Ja-Jf CiAidjI iit .j,lu LaS I* ■■ ■■ ^^ujJ La J> ^J] p^jpsJI ^&Li 
Ij j » ■ ■*» pjajjl ^jjlj J^jSu <5 jIJ-jJI .<Lcj-uuil Cijlj I aK 1 !•»! _l~ii (jjajll llj J jjjLj 
L-v.io lj jJjLjJI ft 1 i nJ pj i All <£._^lu J^a ujljjjWI l>f J>5LJj i <i ■. j - j■ r 4 ^ j t. 

i>ajll JJLJ-a J>i»- Jfjlj oP Pj^-fiJI <fja« (^J] LLoj Ij] ylk 

lj>>*-j^ o^® ®JaoII <Jt j-ujJ J, ft ,l ul l pLkAAlf Jj-fll.i u a ^lialpjul Ijl < 0-^1 ^‘ l *of 

fj-aofl ftLuiil JAjI jjJ] jjAjVl Jja jAj-uJI ^J^aJ3 i^JtjjLua JUa I a j a 0®j^^ jLt>" 
ai ji-oJI dlj jjuj k-i>«j «\, — j-*_u ^ai 

.<kaJlljjill 
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x~i ^ > jl # <_ija~ill jjt h y tl ^ i~i W lilt <<ILaJI ajjb 

ola>5-a g'fH l.^ atUaj 4 ij t mil 4 _t~l . J_)_aj V I jl_t ^Jj I J » «Llj 


S^flltall^ 4 i t a i ..I | JSa 6XiAAi *f j J^Liaj p^^ 4^x11 ■" * I « 4>* ixoj “ 

J j«*1 «6jHlll oLaL^jVI jnt i ^11 tAit ^ <laxjJI <_^^3 ^_Aj_i_ijj 

I (| j Ij (JjlLu t—A^y A ^A_i_ull < CutSb Li LA 6 ^-o <jufl*uu ^J| ^All 


• jAiaO 6^1 JAa 


4 >*J 


(JlLo jJ-jj Lq ^-Lc L ftl J jj V 6,j A* ft oLjtin <J p I^^VI IjJb jjl Jjj 

* * 

{ jA L^LLo pIj^VI Ijjft VI jpij .e Ijj-Ldull 4_»jJLillj oUj-llUl CiLjJLdua 

.V_UjAJI (J lfl~U ill I 

6iXA j)A O^jJLj pj l <|J 1 4Xj^u; ^i| J,U hi infill Ji 

Sp^j-^ oL^jdft ^Jj .-.Li...^ll J^a^j 

* P^duaJI 4x.yjLU ( jjb JAjI ^J| <*11AI u (J I **Xa» V S^JLuiall jt IjLoj 

.pjirtll itjdui | i.mlj I J*■% i jl A1 Lu&I 

^A ^JbLLII p! *JlC I j d * ' “ <Jj ilaJLi ( IJ^, LjUj-JJU Jjl^JL^II jjl j^AJ Vj 
<LujLa. <J^fc »i^{j jl J Aaj I il-% r IxjI «±Ilj £-a . i A I\f, Ijjfc <"*« a ««M 6 j_^£a 

JaS LajLj ^JL-ilu (^A^juu-A ^eJta-i-^ <_ujL^. JlaJl u ^ 11 ilnll (J.i a,*»H j 

^Jadu^ cA*aI^ L£ ^1 LoSk jt itu<n IIjIa p^Jiljll . IaLaj jOkLj-a Jljj V jyULA 

. <j* nUll i^iiJjlxi jjjjllaj jojVl 


<_ulill I^jlq \ , A <jjIj JS LjuLa OjtjLa, <lax lalJ jojuII ikj 

U{^uiA ^JC 6j^uu iJa^JLoII fjJb j * «**‘l ^lj jlfiil ^jII Luiil I ^jduil 

6y»all t±i£i <p^i^Ji Ltjj^ j A art j^ Jj % l*tl I 4xuu jjl ^liAJ 

• O^aLuj JA ^^Auiitl 

^jjLL V| jljij Vj ^jLuutl jt vJ 2 yj jl <1.1 Annill ^jk*i m*i i J^ll IjiJh jk. 

6JiAA 6jji6J p l^jx J)la OjjlaJI _>jjLu ^VjjVI < ijimil W .<uiUll 


266 



. I ■ l« * 4 ««tl J_ulj jJjj 4 >j J i j-j <jl Jjkjj ]| jl »jlj tjl jf fU»jl OJJ 

• (jL^VI ^i jijj '-Aj-mi aa.jj,li) 

4 f j■ ii I < "t lujl <Lcjj-uj <jujL^JI jjuLjj ^^jVI l«JJA 

-^■■1 ■■■! Luoj i^Ll O i/ij ijiliJ ^ i fli jjjll >«yj Ij-a. Jj * i a ju l i ii j Jlii 

^ Ii* * »*■ • ^ /f- ji a! I 4 r J i ii 4 n a ...II 1 ^ i uj il l ^jJI ‘LC j ii u H ^Jc 1 1 ft itj I J Aj 

JJU ^jJc. ejl\ ,'h Sj I njif. t (jj| .<LujLaJI j j\ l jj LfJ Jpjj! <i l.ml l f-lac ^J-a 
4 n i l t <k_£. <X. j ■■■* 4 I -. all jaiij jl ^ ‘l~~ ■ -J <lLfl <<lLfjJI <laJU jjl <Aul l A i^'l 

. 4 I *n tjl ti&lj 


4 ^Lb-uJLj .jUlui jj j .l ^ I i. t ll llj V jU ^1 jjl %J i nj 

juaJl jjk jl « ^11 jjJJ 4 **»l K‘il <Lskj ■ .ILt. i— ij , ii ,j iijl ifi^i . i^U aXalj 
Luaul 4 Ii jiIi ntI aljil iyy -» ( _ y i fj-y ill (_> A» i l OjU&I <t^j fcl ’i-al 

■ jujUA 


. jpljjJI jou iilljjk jl ifj 1 1■•■« liija I jjb jju uijuo 

jli < I d ‘‘J* <LujA <C^uii jl ejjuall 4r J. ,tI 4 <Lku< jljjj Lajjc. i^ljl 

jcAjd fj£l 4 «... «ll .j .4 n i ■ ..II ^UJ 4 i ■ ..'ill • V| I * jj^j V jjjjll n y aj jjLjJI 

<(5jjL«JI oLcj-mlL <£jj»JI <aJ 


* ^JLuL J< 1 6jJLj 


juAa. cLoaII jIjj »Uai ji jLaJI (J^j JJ <uli£jl daj jU <4±1 Ij Jcj 
.CM-iiil J-A <im S^ii cSJ-a.1 ji ^ OL» ^. w u Lj“£* 

• 1 j «n Ijjlxj 4 Ii illi ii 11 SljU Sj.ai o ^Jl I a |iLm I j| * | '^1 i IjjjjS ^ > f jj jl Ijij 
i_yc >jVl ^^Jc. IjJ-aj V J-5j <<XU| £,'!••,••• c) ijVl ^^Jc. Cijj <11 j>l-=»-J lijmu-f 
JJU IjjLtj^alll tLdwl JJU I Jjjj Ij^jLui IjJj j* I * * JJ j- i V *** • ••_* l^aaj L<ija 

,<uj^ Y< ,•••,•••,•• • jijVl jk L$J <LLiil 5 j 1I jyiuij^uii <ofjlu< 
ijl J i l^ lI j^j .white dwarf ^ ^ji ^J1 ■**•» »^.l ji ^u,i .fJl j^i ijj nj 
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^ ^ 1 ^J| (jiiaMill J^aj UjJCi LuL )4J OjaJ JJ jajVl JjjSj 

.red-giant stage 


,jjj i a I iti^~i j i^l <u£_ > JI ([ jjJ culSkj i IJLa cLuajajl j I jj tdjjl Ijj 

^Ui ik*. jK ijj a _>a l. ii. i fli l Ji mi jjl <- <•>_«< SjW 1 (ji ^illl 

4c^uj 4 JJ0 <JJ <C^1_U! ^Jj I ^jl 4 j1o*JI <l^UI £y* 

* 

^_ya >LL> IjJ_ 5 " ■ »* ^ivJU J \ 'y «"i <jjuu ^ a « fl ^jL_l-lu Lo ^jl 

aiJLlA jlJ <jtl£)l I JJb j ft Tk ^lt-Mi*i*i <J ifli.n ^jl jj 1^1*11 Lftjft JJ^I - J^SjJI 

Ij^, <aHa «-i ^Jill *<_uj LJI <L^c. > a -v~ <^U jl J-JLo < liLfrill ^ 

<2LUI jji lj »»^ IjJl i_ill-i~i ijj <<it < 4 j£a 1I iiUJI jjao L&l |kl iA.~ ■ ..1 1 

y y 

JjSjll Jaa jluai t_i ivi Cui Sjl jrtii -w ill JjSjJI ji IjJlj 4lui 6 jl JiAJuil 

.MaIaxJI 4 l"fc LJ I ji LLu 4-1 fl l£j< inn I^a I 


oL ia^ lM ill Jiiuyi jjJc. j^ij (£l jjijjJI (Ja-vj V 1 Lojj i<Lulj 4_iA.Lj jya 4il Vj 

ijJLoJI SjU. 1 Jj^ ■*■ ,jl AuiuJI j^ <cllj jc Vjjj .i jtj ioll 6 jaAao 

CuaA iiu'i^n jjJj l*i ~t*i . JjSjlk a, l >*>->inj ^ a >\tl cLlasII ^yi 

i_rfl £jc |i\ -»■ ^ SjUI J£ £}LuI jjA cV < Ij^j ^jjLi] 

. Luj < I lull I o l^ijLH I ji 


j 'f liaj) jl Jjijll 1 K.t.l (Ja. jjlj < LaojI «lUj i*->j 

.luL JILaa dLijk Jljj J i l^ a 

ic^iaII <t£jiu ji jjll Lljifll ic^JI ojljjl liK <JHI Jj > in yltj 

--1 ■ A all <’. ii... itl ijLj jjJj Jjjjuil 1 ».l >■*! »«il I 6jJUI ji Jjjil (Jj -i.*i» iJj 1 1 1 a 
jjjJLa (jj^J V j>-°j <_ij_u«j .i j ~i f j -m 5jL*j ^ Sj_ill j>i JaJsH jH- ‘ ■“ iS 
j>A JSLi J5I LfljLj ->.~il iiliajl j^i Jujilj JijJU ^l j i. 4~ i, i «(i JjXjj ( Jd.-fc j n JI 

.^lijtl <Ji oil^ lif« icjjuJI jiljj 
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/\ • jjx. OpL a. ^a.Lftll oLflyill jjl Jlall J, it m (j^ 4 jjAjJLij 

f * _ 

Jr J. II ^y ^ • ttl* . I id I fliy ^uil i «l I (jA*J Ixilj liLb .FJ IP*> JI 

jl ljj»j JjjJll Jj-b /VN jjjj 19 y z JjJCu 4 ijfl i n ll fkili, Jjlil pj-uall 

^J| oilajjj (4lu< N • t • • * ■ -IL.1 j_a ,JLill Jillu ^Jc i Luj-a n iLij 

-d tiii A* * , * • * d 1. ..I. ..I I 5|^Jtl BjAjB 

< pj-tAll <_c.^-*-u J)-o ijaa-Vl /N- _II d .. ..*■ ^J| I 4*n a i nil ^L~ ...~ 

< 0-^1 a *j.‘ 4>» *>?■ Jl t>0JI jlJU" jjilll Ja*-« (jAiaJlj 

(tit <ll) S jjUJLI ^aill Ij uTi'iaa 4.1JI 11 til I ijLuiVI a La. J^La. (,ttl hVI jjjSu 

. iu^a <jw ^jjLi Lie. JAjj ^1 ^.jpa'il I 


F / * t * * 

, La Lai LI La. I y-‘i •j.ill (j\j pLuaftlLfl « ) B aV I ^^8 L Ij-ul i*i <&-i jjl I j-A 

jja i.iia I ^j-lc. JSl CuL 6 hjAJ jjIu LuLull oiL£ I aKt 

tjjlad 6 H i rf-11 ^a. il I 6di jV ■***■'** <11 >i ii » t L ■ j| LLti 


' * » ■ 


JLI 


jH.,11-1 <Fl*i jjI (Jai-tLI jjC. yej <Jjlji.M,f. 6j(jIF11 jjlkii j)I d*..a...I JjfLttJ} .JjlaIL 

•i^LjuJI (jj^L* JiLi. ^ a_>a- k jjj£ ^ja. ^Lj 

— ^ i Vy-tl lj jla^aVl Jj£j 6 jjLLJI JLaJI — pLAjJI ^^8 Sj i» irill J-Lc. 

J)—o (^Lj jkl j U . /a Vlj -jLajVlj (_^lj^Jlj jk^aill jj —a Ijail .j<£» jjl ’ .* - >_ * 

(j^^ j l a ll *iic. 4 jjL^ jjJj ui aLeaaJI ^ -k -k ^j_a. -*j ■ « .^>11 ^1 m -kVl txi 

1 <e^uu 


(Ig-f 1 gl J A fl ll ( _ ( 8 3^-^P (J-L 6ji lii n <Lj _a -k Jli <j| (till* jkJ I jl -k j 

^ * Sjjajil A^jljill * Li j -"k all jj"«^ll . ti-k"i d «td . «ll cualkLkol Ijl jl i^jaill 
jLiJI. oLajjuua. Ijlc |kjalll jju pLuaill j,1 i_ajJU j>aii . LiL£ ljj» ujSj 

I. im t ia £*J-e jj jl j a i l ( ( f k m» fjy jl JjuJL liAnjj .oljjj CjLjjja. ^I iuLaVL 
^jll pi i Aa ll ^"i"k^ j . LfJaljj CiLajjaJlj CiljjJI i_fl^xi!lj (jajVl jylc. 

*' *i > > l Lttjjj .CjI jj i «j«- k Ciliw ^jJt i Ittlhi jjlS itllj VjJ 

JS 6jj (tlli-A > >j« i l l JajJ <Gl jjiy idjIj^JLI pLaill jJb pLkAj 
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jA-a eLuLiil i] 11 CjIjJ j-o 1 ol i i* Jilij .e t IA~1 ft! f * j "i t. 

■t^ail J»lj ^.jajll 

4xj-uj 6 j i ^ ^ a i hi i <jlj "k u ^'niiJi Ci J^ Jiji—fl OIjj 

Jj ^ *i*i |jUkjjJ_iA tjjl I *i aK<! dlj jLfl Sjii CajK »alj ej^all 

jjibu 6 jjk ixjluuil tjit iVniiin ?jinil 

• Lu^ ifcltin 


jajXU 1-iij iij >.i»£n jla J£ jj£ Iftfla tX&lj tjj cILlA Cul^ I jl_j 

j^a *1* j&il 4ii(j FJ-tolI ttjxy ujaii I 111 ^ jml alartfl 4 u flail 

. I j 1^.1 I ■ J^a JS JjjLaoj <tAa d nj. ..II tjjt ^ *■ ■~* La jlfi^uaji iljySill <UuiVl ‘**‘1 ‘“■■■* 


^a 4 c^<uu j 11 -^ ^.lf. ^Jj^uoll jkid i^f IWhiVI ^^Lukll IkUb i,ii> al 

jxe tj^AOJ jLlaJI I j t-fl jjIIjj yjll jlaliLI Jil Lajj jl ifjaaII • 

<_iila*il i_^uij Lu^Sj ^jLt j»jll n y aj jjljll t «<C._j-uJI clti jjtJ .5jjLt 

. <L-h 1 - tJjSi ^\ J^dua^II 


^1*» jfai JVjiVI 


j « ^ <jl^j]^llJI OIjL^jV 1 joJU »l i*i i i «il I 4j| (jjjj u^t^ll ^ja 
4-C.^ua< iaLi jjLuu Jl jLuuVI 4 r I ti*a.< mL ,'ia SLi jJ t jJbljll CJjll L«L»J 
Jl jLuuVI jl ^ittlL Ijjk ^*Hj j .pj Mil l Jtjdui j—a I j 1 1 ii a j£—tiA fJ—& j—*> jjSil 
d .«..LII d~l .-^ Sjjj Jl^Ja ^ajll ujil ^Jj 4-uliSjl <Jajj jl g jtalmj V 

S5 Jjw. j if- ji iniVi tLaa. Ajls JlLsj jV < IjJk ^CjJiJ j an a jd Jlli Jjb 

Sa state of dormancy oLajJI j^> <JLsa. jLuiVI j.aa.1_a jl j£*1 jJ ljL» 

<JL=a. I>U jSJj iJ^joxl I j —a J^lj Jjdl—tl j« jjSkJ 1 1 u <«lUj ^—jS** J v‘li"a 

CiLiajJ ^4 ijli^ IjjjJLa jl j l jSdl ». i* J » La 

i6Jj mil I j£LaV( (g J “j «> l_tl^JvSVI ^!La !'»■»««* (iVlJ-WAilJ % A Jj£ A IMAM JjLui 
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tjl JjS cj]j JJUj c&lxaJI <£.j * u » Lq 4JL^laj jj\ ft tfl 

. jl5j <JLa> ^ jl3L>^ 

4io <JS **■*-"« ^1 < .,W I jkm% Jio j. jkiu-\ (J> ^ JjLi cJaaJI PJjjJj 

Jj-^JL-luaj ^1 AC. <<SLl^—o 6j aJ ft plj i »1 ^ in> ^ < f j ■ '■ * 

4jl IjAi J^li j i.1^ ^ i n Tk P^a. (J^ J.tA LlJ< irflll c-A^a-uj .JdL 

.4*i iaa 6^joJjq OIjiJLi O^iah ^ ini <K 4 £.^jjuj LflJ-i 

j k*i <j| (jAjILAj ^Ull pI i itiVl ^ya jjju-J <a lj „\ a >lll I J-g-A tjl u_l^. 

oLijjSLkll Jj-o L$J>la. LfiLaJ Jim nil ^JlJJ V <j| ^Jc. J ■ Q*. ..t I 

.pj<n Cil^b^a ^J| j i nil I Jjpj jl <plj^uull ^.j£JIj 
^jl I t^ oj £iJH h i 6jiJ$ OJ.*ix> I JjLuujVI SLl^ 6jlf JjI ^jAjjlaI ^jSLIj 

<JLa. ^jJj lj 1 j /" ij Jjl (JaaJL ji f i il l ^UalLu^l . ,.\n Vill ^Jj 4^1 JjjJ 4_Li^ia Ci^Iaj 
Alt Lq jj < 4 jL^ia O^LkjJ f UII jj-Q t-Qj-. iiC JjJ^. 4 _Llai 

. ^ Kml l jliiiV I CjVj * o i,t I in i L^J^IjjoL> 4 >i naifill 4£:^a^JL I 

* JJ}^ 6 j 1 a ll 6 La .*^11 olj-lA JjjSJj tjl J A " ^ * Vj 

■ . L q m% , i ll jta>UI I 4 ^)jo VI 1 J5| JjjSj Lojj < I j_A fjja 

O^La^j <3^LJa| (£j yj * <f I jl <j| <cllj ( jc Lox.J < gTTiint <j| J^AJlLI ^ya JXXA 

CL^ £ I J J 11 1 > 4 ^ A ^ wi CjLcj- i.i ij % i ^j| 1 —ia.j.A i^L^aoJI (j»Li pLi^aII 

j^Jc. > T »>J 4j| ^JLjJL Io-Aj A j m j iU 5l i -k 6^J_i pi >Af I 4Jawil^j 

<>-« cr^ JS pLaJ 5 (juLul ^Jc. I^JLila-^j Jjl (jo 'I - Aall ^ a .tX" , ■■ r. 

ui^J ^JlJ ‘* (i J*“ , I I tA - f k 4-*^f a - J^?- U>^i; J Lila I >-jLa-j| jj-lc-J <<jjuiu 

.JLa .1 SjxI Ij^A 

Ljilj — I j InVTi ,jl ^Ul ^_|U~I. .. ~| V <cjjia <JLa. jjoVl ^jl» IJLa Ji y Afij 

•lA)^ 1 iA vJjiA ^ IjjLitl jjillj «fjJI ^Ji\ JaI A j£ii 

La / c *^ a i mi j ^ 1 11 6i 1 ii \ al l pLiaaII l**i 1 1 Lj i j ii ji ^ ^fl Lij^a ^J IjLo 

jvk j l ... a JS JtA^aS *-i>« .., ii Mil l itjjuaJ.1 Li^jLLlI jLliilj .“. I .<w j<ll 
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JjJh LoJjI jljj LjjJ Jiuti I 4jA3h4 I j mill ^ I l l lAt 

j"» • "II J jj « -vl I l*«* »-vl .^t £ ioi (jl Cl If j jl ^ iU~i i n*i clikjlxull 6 j-A 

J J ±U J J JJJ>^ ij>f^ £jj^ Lijlj-o 

. fL^aII J^La. «J^aJuj *Ijj» 


|k-A ■ ■ ■■ ^SLlall pLlac. 1 jV ^A^Aill jl <1^*1L jjjS juLuiaj ijlii (‘iiSli jl 

» ftjl .1 ^jt.l rj » fl~it ‘ *■- Jljl^ ■»II‘|A ij_JuLc.J idlijb Ijdj (jjjil I<jl»j'i iiiIIfI IA f I 

(Jl_ loiVI j£ (2njl"w ~i i_ij_uij - JLli ^Jl—ftiol yjJij dli-A jk^ i l j |>JJIJ a lj 

— |^ I nil ^iinifill »Q jVl^g ^t lajLjjVl a ll jv^-llc i(£^i,Vl Cillla^HuiIL 

Jjljjuj-c. (_>uLil djj jc-jjllJI (J^ l ■> » .(^Ij-uu <d ,~i <& i Lojjj •£) > ~>j (jl (jioj Ixa (jil 

Ijlli (ju CuL^j] (£_)-^l (jSLal jVjlj J*N i T i i Ij/iJ-uilj <4 nj \ 51 1 ^-g-iUajl 

. ^I^j^jaI !jk <LaLaV I cil«A<j Lxi- m i oSjj jab <dlj 

!.>-£jJL» ,jJ ^jV i^aIjJI ^ <J< A fl l £^aj (ji "l .ni l JaI oj£-i '-Ks-^J 

- j* j * « l^m» jj 'a l jm (Jj l l^m» 

■ "11-w J .jLutVI u& JjfljJI ^.IjL idLaJI 6JJh ^A < ^Kitm 4ai , t (Jj 

jVjlVL fIjajui j^jjSoui < 4 n~» n~i dj a i ll <iljla« V 

i_ijoiij i<LuLjI I ^ JLbjI^I I i> 4 jL11j hLOklj ^1 6jiaC jjo jUL ^jjuJ 4-14jL^JI jj ll 1 \ 

£ 

<Cj n^.11 J im i t <iU Jj-lt 1- 11 j » (_ylj j*fl I jj 1 ■■ •(_ » ‘ " I ' »'! JjAjJI ^j-o _tl i (jj£a 

. .Vii« JS (jj^i <_S^U4 »|| «« Lo^loahj (jujl jl jiL/» 1 -tI.Lo JalSlII JAA <4jj£ij£ll 

Lf -lc JjoJlil — (jyajL)jjj ( >> ‘“^ Ij — &■ ' ■» > ** *jLd= L> ^ ‘f " 

0* t’JL) ' ‘d ^ JjAj&j ni l I II I (JL» Ijl c. ^ « ~i . -J I jlaJI Lf -fi (^ailll Jjjb 

uj^j (jl jj>i jJte ( j i fBftj V jiij i (jJaj LaS Ltjli «LAa 1I (jjSj (jl <^>1^11 (^j 
dllA (jl Jj I^J JAA 1 LiLraJj . <_ 1 -I$J^JI jwl^Vl jl f- _>-a. jaail Ci^bjA dll* 

I d *' ,0 ^ * (^Jl Jj*(ll 4 jLaV 4«lAji ^ * iirtiul ^il9U BjLiJcJ I j if . jl^ll ^ Ijj a ft 

.dul^uJIj (jjUIl (js 
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4 i_i a Kill J Lajj — Luj ,JLi-a.Vl <4-ljyJo ijLflj — <jL$ > 1 1 (J-Bj 

4llicJI L juj±t <1*1 IN ^yaj . I nfl a lj.la. ^ .iift fl ^Jj 4jiH 

4j£II jjV Jl «~i-kl 4 j 4 i l m<i Jbt-^ ,JS 

.^ajl l.tj I ^ilj ■ ^ jS ^Jj J ■ »-v til 4'nflmll 4rfcTi L«j nil 4aJLo ^Jl je. ^Jc 

6jlxJ 4^aj^l<^ljitVl jjJc. 4_L^Ja 4j .fm jI Ja^.jtfl II .t V»j dliA ,‘| ) £ LoJjjJ 

I d * pI itnj SjLcV jIiJpIUL 4 i n ill 4'iii <<JI pI < f » i l 

I ^ . V>1 -V .t. | > * lit 1^. d i A^. tl I d i iO . .«! I -A .LiJ'V t w il A iA»>M f. Oj^I I 

.i_£j£II Jtk«i yJe. Jjjjja.VI djjjj 
p * 

6jl,.» mi JLl-afc] 6J-*J a • n I J pVj-Aj 

61 y* -1 - AaM ^JJ d-v it <1^*1 ItAfaii Luj <<L>lg-JI 


4 gj a *vl I jjLuLui i^jJI -*4 t * -^\ll jfl .»M ^ JjJjJI i±JL1a Lij-ui LaJjj 

<b^» p I hUA jJj-o jkliaj JS .^Ll jaxLulb (JSj “ <J a nn-i.tJl 

JLJJJ vJl^LUj .CjLaL^jV I £-lA y £jliJl aK*kll ^yA ^ UfttJ U^L ^ 

j >** 6"^J0_9J 4 ifl l a*t t~J fj i a ^JLt^iall I j M . ^ a tl t i * 1 ftJjJjJI 4 t a*v il l ■ --M 

^j-sLlA — 5j^Iu ^LaJ jU-^Jd ^Jj iJJj ^ jJj Lo-ijj 6^*Al I ^ya 6Jj)J "k n 

• f^ IS* J* fj* <IjA»-a 5j>«-AJ 6jl jSj <j£oj V JS <3-0 

£y<Vn i * iiiI ^JdLlu 1-aJjif- a *lil 4 »pOj_fl 4 ah A. 11 c*Lfll 5*11 jj^S J 5 j 

ill 


^jjo ^j^a.Vl i *ua i 5 im*i^"i LajVr £y1 i a -k ill «t a. p. H p LftjJV 


-^^a»SU <_=wLLq ijVI 6*X^lj JS inj .6«L^lj (J^l * tU«ll jj^iuil LaAj 6 Jta> i <aL-ux 
aV I Lkj^t p I 14^1 4 II ^yo oLcLL^I J^li oILIa Ca 3 ^ * (-i^uij 

v jVI J j in 1 _S^U 1 ) . ^J jgll ^jjll ^ya cjljj i n.i\j SiUI\ CiLjiu i_S^uij 

.obbdl u& oLa^l'i-LI ■ «.^*..j <JjAJI 


t « l <ti^~i i n V QiluJI Lf j jjj-a. < Oij 64 jm 4>_> « m (_gjl (jij 

CjjJj 4 \ny i 4 nflm jl Lu jflj <^i n l* t ill il t" Wl JjIla ^yo 
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4 % a . ^ J l Mill j ijjiII jj d ^jb I 11 in it j^JUJL (JLIa^ Lljfc 4 , 

£j^JU 4-jj^ t < 111 fJj^Vl Jic. jj 0 *y~ «< ( « lfl-% * fl r6J U^hll 

-SjjLaJ.1 oljaJ.1 (jJ] 

ij-» g-i ■! >11 JLaJtl jl %lf, jl V—=»-i jjj j in i II JjLL vJjj i ii fl«i±ilj_a.Vl ^Jljj £joj 
^ya I n j5~i jjSlj jxj-fll I j \ n ^jAmII j-LC .-.Ijl ■ ^■ oIJj yJiJ I 4 . .-,*.11 jji ...H 

■ jJj£il I (| *w» j> U*i‘ini — LojLA*^ 

O V1 i*nuJ I 6JJb ^4 i jj I 6 j i o LiJ I <jjIaJI LrLjjlj <isa,jja ^_fl Lit J^Jlil Jyoj 

£r~i tsij j>! 4-a.jJlt Ij-a. j i pi iA til jjl jj£ JV-a> jpa ulji.1 £j 

■i?hill jjjo a<j| ^Jc. (Jjio til jjl (JiVl ^Jc. j^fllI jyaj Uui'n 

(j-fl <-oj-aJLll pLjI ^jJc. >—aj-*~i 11 j,C«i i±ii->.i (_£J-2 Jsjj JaLc. <11 ^Jc. tl^jjl jjJbjAj J-Sj 

. I fl~j aft [ j^uJ e- l^jil I j^J ^jltl ^_jlLI jjjl^i -L** L5j al^jJI 

j*Lflil Jim I till ^.llajjl ^jLa. < i a -T.il! Jj8 *«ill ^,j.lij,i| (^jjl La JjSJj 

^dbtr* “LlCjIIj s^alill ^yf| (jusJI jjtj * Jj jUftll JjC. iTil ■ *» » •»-*>> jjI I '<!^ «■ 

< I a a 1 “ijjIi (JjLSj jjl Jaft a n't i n ^jjl jjjjllj <ia.jll J^Ja jjSil 4-»J_)-iJ I jjiaLil 

<1 l a ftl Ij _laVI _ C. I \ l ii iS^y V 4 I I J-i ^gsi I (JiiJI jjl (j a Li< A 

Lfcj n y 11 Lfljflil 3-LLII ^ g i If i, iA I jjjl I jli . Ij. i~ a jl LJj iii fl jl 


SL 


SjAlS uUmI JIUa m« £S ^ 


j4^l ■ * t — ■ J11 i • ■■ ^jJI< * ««H L^jjljl ^ nl ■ A a <ltaj*i < ii ft J^l ijju 


J£ aLtAoll j'lL j 'l . 1 1 n JjLaj-uiJ .(jAjVl 03l>JI ij-0 ?U i I . n 

J * fl 1 jaljdoVl f CltjlajJlj LieVl JLeilaj^l (*11 tl Vj J li i rt ^Jlc 

<tjljjl 0 a ii jl j*\ gi (^jll £^-iillj j < ail ^^jloII ^LLlll £-• Li iljiL cii> La 
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| <Ll*Lu*A 4 ■ L j »j<ia ^j|J^ JAj - - ^ 1 ">■ «•> ^,i£ J^ulI 

.t ( j^iiU L yeAi 

■‘’i l ilaj-t i_u_fl J^ja j ■»» JaJUjjj 1 *^ i tin i_iu£.LJLJI dij 
odllllI jl^jluil ^‘‘»‘ ■-■! «>1»‘>~ J^jj LJLa. I jjLlfl S <_ul iAfl Olc 9 )itin ^ Lu 
■ °.^^ol^al jl oUl jl I M*i‘il £ol ^Mn J~y~^ ol aj IVi*j —LljJ oljlj)ji-kllj 

!fLlaaII oijlajluu i«l_)uu juljill tjil Jain nI 

i jA <lj| ,'i $ ) > Sj JlSj <_l nl-JI » I I n l m" i n J JlS i/jJa j" i nl I j An 

<ll>jlxu jjja d * »«t» olj jj »*i £-a w ^Uaj LI (j ill 

^ja .".I ilia U jljtuiJ u& i'\ Q -lg. yi V Jfl icllj llA i‘i JjAi ^jjJI jq! % ifiVl 

nil it'll I £-alaJI ^nill IJ nl hi JiLi. ^yo < Lg^juftj l _yaJH 

jd» 4 jLj ^jUlj i\ Sfl LI^C. ,.t.-k~u JlS ii.ib i nil I j^JioLtJaj'i i nl I ^alUJ 

jkUalll LjjjjlU Loud lii^Jtill jl^~- ,jjo Vjj jjliullj ijlaull ^It ^kl J^AdVl 

.jii nill jifltl»l ^^.Jj.aall ^njll 

minitill icjdail ,~n> jbu jil < Lf LaVl '^H j^&ll jc laaj iLaLgjll 

csj-fl isj-la J-?je V iuja. (jij ojaj <= I .At ^1 ofi-a.1 

J I * B jl ^jll ^CuiJjjil CuI ,»ll ^^)-uiVl (J a * II d i .L.ll jd a_iiI 

.6^alSl ^ill jjljall 


SjIjVI < i f .jll jlnJj » A a ll ,_>udj — y SJI j>jk nl ^Slall jJh lift JiiL jJLS 

jtj j>«5 lU iSjjbIAIIj 

,jl (Ijlaj I j| J j^ j V I JpB i^IbJjbc cljjljj jaiull Jj^aJLI ^yi Ijjb Jttaj jSj 
.jj^ll playl ^b SjIlu juaAuui I^^ilill cJj]l Joij La I jit 


275 





4jujI 1^5111 j«jj ^uij^i :( \V\Y— \*\Yo| ^,i_l,i.m!S Jj'i>jj ^ (\) 

. jllJ <aj5La tjlill CjI B^jam£ JiaUj 

jJc C/> lili*i* CjJjjIa. jj-a ^jtl Jjij : jh il. l (Y) 

jj-a <ftji>^ n <jI jjJt A^iu^juAMlI ^lj Ifj^ilj ^ »H £-ll ul(j :jli ^ 11 Ja.j 

.j^all CiImUaiIIj Jiill jAjjaU 

. Jj L. JI 6j(-Uftll <j£j& i yM ^Jaitfl jmaI& ^mlll (1) 

4XwVlj d ‘ --a , «M 4-lxuVl |ju J^LtadJI - a .** »j | ^ 4jLju>I H lit **Jl A <- AVI JoJ 

I <JiliaJI d -*■« QIjj* ■-« ^Jl <iUJI <JU i^Ljluu Ct L tj jSlVI JlZiil jc i<oaI&)I 

. d .*K* * ^oiljij.j *■ Li^pajl ^^aida ^u^ll it-il ji oUi£ ^jajmfl OuiVl ^^jjj 

ftjiL&i ^Lwltunill Ljlai ,_.— I - ^-j jJjil ^Ljji :( N ^0 0— N j uAi i in i Ci^Jl ("\) 

. \^Y\ *L f>a ill ijk Jyj 

.olutl yjj ftj&A ^JJ jl l^ll CjI^I I ujil ^ irt ft MIiiJ. m i I . 1 ftl^LI 6 j 1 i ft (Vj 

^ «^JA Lj|^ »AA d hCI I . < . jl ■ . -*« J ._■» ■■■< ^ui^i ^,*11 d al Lll 4jUsll |Aj 

(f-a.j^-1) tr* olja-jll JjjH ftLluJI u* 6-Xa^lj Jl 

ljUiljAil d «...«tl. jjj.il itjjji jjl I J '■■! ■"I O >ki ;^^Ia)I ^.lmJI ^d >1 aJI ^j 

Lujl^l a .ff LV ill ^\u .Cidld CiU^dj ^ am lul JjSkjajj jdJI 

<i^,<l ^j*~ tXM J,| jajjL U^<«j*All <cj-ui j»jj <Jl£ul jojlij ( N • ) 

,6^j ^iluJI aLjiill .iilLa iiLifti CuSu<iUk)lj jjSuJI 

ditll ja^ali 4ia CiJlj V A Ap LaJI :j^u«Vl uiill (^) 

■Ctljjluiillj 

Jdjjj ul>j« Uk^Uii ‘^^*alj ftjJaAJ jlUVi L aJ iC. <J ii ijl jV< liA jl jitjll ^ Y) 

kJkl^ll .CuuSlill |J^I jj^a j^flVl ItAMU uijui JJj ^dj .4C.j**JI ^JJ JiAfU jSVlj ^J| JLaAltl 6jS ^a JljjJLI _1 

.jaaJJiS JU- 4JJ ^Vi j oiUa. : c >*adj1 jaji (\YTj 

(^A^ill) .^ull d -. >r.l |jjj£ JJjj J4J^ ^AaI fAJ IjAaVI J^ddil (\i) 
(^aJaII) .ddajl oUilill jJS L^Li. ,Ja.Ij £i 4 _ja 1I ^Jdljajj^ll O^U-UaJI jjJc. (^°) 
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u-iLin *>±< 

jlif 
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j lili£ dJllK JmHI II 






jUl 4j^tikill CiJXo ^^ jj 11 "** ‘_^1J-A ‘-.^‘^J J-ftl 

^ * « t l i < ■! J-Aj ^yc. IjLo-fl < , j ^ JI Jjil -a 4X.I a n"tl Ja *t> 1 * * ■* a I * 1 ■* 

* f (>*N tjJc. <^1^5 (J&L& 


<j-^oLaJI 4-*K Ijitm i Vi > 4-i^JI oLljlill ^ < +■ a. i -wj j * * Jfj 

^ilAdo 1 djj A A « (J i-^al fl*u ^Ul Cx9* 1 ^ 1111 * A * j-i£uJI Lojj^ 

• 4.iiia CjIj^Aj O^j 4±aliuil 4 j^^j 4 <* .-<\( *iAaI« J*5**..J l 


« 4 j- a 3^ j ■* il l J>t <-Ljj y"iTi J|l Jl ,> JLJI * * 

6 J-A .jOLJaJI^ —a ^ ol*it J-J> 6 j&aJI jl 

jj-oiVI Oxjojll J^jJaVl 4—u-oj^ll pljlflli yrs^l < ^vj_JI <^*^11 4_ulj*i)f 

. I^qIiXxumI |ylc I 

J[ja (ju ft - M il I ^Jbj 4 jj^ j <^1 a 6j-Alia 4_axij l ■»* <4jlj «Hj 

O^JL>J AjSa <j( (jA <1 j «nfli Jj-a. j^^jV I ^jljjJ 4 -\iVi 4-SxAoJI Ij-Aj .alai iJt~ 

tX>^l (S* Jji ^ Lc Jiuu <I>jjLe o£* fj I 4 <4«i*i Jj-a. j^ojVl 

La eLajjJI ^y^ a if jl <£_>-». jl Laj ^tt a £_wil jSj «illj JAj Lai ■ j.tir LaJI 

-(<i^aLU VI 
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tr lcl ^ IJ111 bj £ i* Al LlAjI II ^^UAitJI jU (J_LA ■ 4l,J ‘JJ 

fjf U* J^ " 5j-li ^ laS-Aj ^j-lcl ^ Ja-^u| Jl ^ OXj Lajj pLa-iJI 

J A >1 > J < (Ji-f-uVj ^Jc.V ^Iift I nit <L_>Jbllall <_£jaJI 6J-A ^Jc. Jj iS* All ^.Ajj .j 

i ll <— »a1 % Ti ^^a-jVI J-a 6 JjJ x. fIj-^I .J[y.i^> fill j \ i"n ^^ajVl Jc b\ i~kll 

6^-ft Jjjj C^ajj CjLJI ftLa -AJjLJjj <l!aIjJI J^.ga.ill jl <_flLaJ(jl 4-iiajll 

- Ij-A JS1 ISjJ-o jL-ujVI * LjLIj LiLaj jljaaJI bLua. L*m 


J-a 4-LJa bj^-A Jxfi ^p-JI J-a JJal 4_LLo j CiIj “yj jSlLu Jl ^ 


> j£ « dfjl 

pjj 


<jjjJ Ci lj 13L11 juftilJ I Jl at 1 f I., a mil I I jk^aJ I ^Jl j ij 

*_i£j£- JJLi £-iAj J}La J-a <6jJAill 4_g_a»jl 6j^ ts> ^A jLflJI Jjj Lujij ^Jsjala 

* * * 

^UaAJ ^jl jjij (JUAjuJI Jc Li mi Jfl \ n j ^jSLi | liljall Jftflll | 6 ^m»Lld ^jiuotll 

Jl Jj u> u-o_iiJl J-0 LajjA dj "fc Ijj jy A^U cifj JJU .^jjjJLlI JjC ( IjJj) ^1 

I J-A iju j j hi La jLcj-uuj .jnfl inti JjjA jjjt >ni LjloAj j^La 

j-oaJI Aj^jjl 4 ^ >1t <a*jV I 6J_A I itiVi . La Loll jut itill ujjfc JJU fLojuuJI ( ^-A , ut ^ 

• ^llAuJI ^liJiilL 1 11 « J«f I «* U *11 j«* «1 I 

J-a 5.8 "k*i J-i.ilI fVj-flJ 4 i i h'iILj <LajJ , oV ^A j a fill <LLo(J£ 6J a*i^ lj 
LL-aJ JjSli J-JUJ-a. Jj^aA Jjj SJiaII Jl ^‘itj JU£ t 6ja (Jj|V Jj^aA Ju 6 jJIa 1I 6J-A 
J_SJ .ilJI ^_A AjILaII 6J_A CuUiJ . Lojj jG^l: L»Li_aJ JjSjj Lqjj Jjj iitcj <Lt.iill 

^Ajjll i.AJ>„i i ^ fjtJLuJ! JVV ^juLuiVl lj_A ^jjaiJI Cil aj I CiLatu 

.^jaaII ^JjUll IjA Llo^j JljaJjuullJ 

d i. ■■ mjII <^jVl j^la *» * i J& LaJj i^jcLLial 6Jaj ^jiuiVl jiJjUJ 

Le^J V t VA 6 jXI 6J-A I.u j j^^l ^Jjllj iJajSII j-a_ftll ,JjVl ^Jjll * J ij % IjaAll 

Jl i a La Lai LjaA ^^iuiVl Jj^i *till jLki ^1 I jJLI Jc <J31— 

icjI j 1 ^jlj ■ ■•» ■ ■» '“llj ,<jjLu LjLi^.1j^Ll 4 jllxu <IjJo JjSj 

ill jJc Ijjjij ^|j| Jm^II jj itjl inill ^ j ^ 1 fi..>*~i I ji^l <j jLS (jill 
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j».l O I i ni l IJ Jk J ‘"t lj jc-ij-Uj ajAjllj JjUaCj J-a-fcllj O' 1 " ‘ " ^4 J*- 3- 

iiill ^.L>l *<««-» JjtTi yiJI ajj^>11 i^uJL L^Jujj Jj inj jjJiJI LjLuJI 

^SIjSJIj j_A_£J(j _)■■» ■ "II 4 i A^JV I «_S^_u gus J^La. j^aj j-o 4 _jjLj 4, il],iu 

*4 oLM I 4 a i iiifI ^LVl t i n VI SjSj C i l i tn i. . j la J£1 iin m j 

LJ. a*i jjl_£ 6il tj . I HJ Jljj Vj gjja i “**' uJ] 

»4lbjl jl itjl ^jL-Jjl]l ^Jc Jiljjj V 


. r LVl LjLii^J jJ-O J^juJI uLuiaj Jj »f \<11 6j^J .Ui"U Jj lllVl jXJ 

6j^j L^ji VJ (^j^IIj ^jj^uVIj Jj-o Luliii \ i.fthViA ijj ouL^ Uj 

JjjIua jl food gathering Jal^SlVIj ^aJI <l^jx ^ j < ti ll I jl$ * Ij^u LaaI jSl 

JJ "k"j I 4ii nil jl ^Jir> all 6j^J JjU j *ti ill \ .fl LLflll J ji 


. L^Afi L)ti "* J 1 ^ O -0 J>tal Zjf .if ^«i.ai z Jl ^AjVI 

I j^kLLJI . a ■» "Xlj , Lj * a lj ^ ■■■ \ Y , YV ^iu « j—oVl j ^j 

JiaJI cJIj jitic. <j^Li LI >."klj jitic. ^jjI LI *3^I ijiluJl 


jij ^ W«ll Jljj VJiaJI IjJh *J(| »M J ^jAidUlIj -4 I Ml 6 ^ltlf ^.. 1 , llJ 

•(tf fy2»N cr® LJLa. 

JLAiaJ ^^ull &UaJI ^Jc. LbLu CiJlajcI <xojui^a 6^iUj 

Lajj Y'Vo <\i ii II Ijj uraj tdJAI 4 * "\j • L*jj Y'Vo Li j.jJJLI ^a ^jU (_^AJI J^lll 

^J$ .JLlL^U ^Li 4 inn^ 1 j * i’ll Lojj Jjjj.L^Jla <J£ Ij o if* j4,ur jj-jjL Lb^Laj 
Jjl eUj <jl£j < li^j ljt-iX4 -J ££-jj-*-gJU jl ^)_i£ ^qaII <Ajl £-a j^-tifl Ji[>u 

.solar calendar 

^^IaII a. u .1 I.i nj j .ja. j 11 4lu4 ^ jLaj^JI ii.1 LLflll 

£ua S ^4 mj ^tl 4*unll jiaVI ^■**- ■ ^**H ■ SosiQGfieS j\,ii^ui 

. qIj ' ii.. ^jjI Jal£ <aL^>! lii ■ L^l Vlo , 10 JllIL 4jLuJI J_^ia 

I ( j '^t < I < «j l ti t .JilL I—ojj X'Ko , Y o 4_luJI j . ~ «~. jf , j—a'i I <*»•«-«- 

4jl ^'u j liij . lj > v it a U jl.i i«i JjLJI j« JaI — l_a^i X"\o , TITY 

4 -JJUJkta Sjj-ta aj 4 ■ n_ij^ iLuj ^jjll <Ai_JI jl jj^A 4 jUjl JS olj-a iblj iJjaj 
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Roger Bacon ojSaj jJL»JI jLAl jJj .4 ... j JjjSL; j,l ■ V 

^1 ^ j^ Aj jjluu LaLbj ■ * <i^l 4jljull ijij a ^JJ |\T^* — \YY• j 

( )j_jlu£ iJL-iLlt ! h-i ^i ) j ?kj ^-a. LUI 6J—SI (ji jjJj ^ I ^k*n j > i i 'll I ^Li |Jj .Ci3j 

11a ^aJS j>Ji « <JIj j_*j No AY ilu, ^ (\oAo-\o • N) Pope Gregory XIII 

^jj t *it l j «»~i 'il 1 1 1a ^jjo jjx-jJI ^Jc.j .<1 i^iljjl^JI Ljjjl (gj-uu <Llj_JI a ~ill 

• ^g jl t un Lr lc. 4j Jjuljj 

j * ** •" ^jll * * II I .\ r | a <luu]l J^lat <J^.i fl a < iiiftj V j 

< _<jL* century t jj_. .fllJjolj Uh j .?. r decade j-L*]Li .?’n„ll oLLcL-*-* 

OJlj <jLo j «6ji<.tif. « <LiliiV oUS Jj-o oKli-iw-itl aIaj millennium ^Ix. v_illj 

"lustrum" plji i ii jua % {^Aj ^ I t »i. ft ^l11 ijJb I *1 * ...I oljlall »J5lJ 

■» jHft ^ jLLcI ■ t> »* -j ■ o 

u*j ijljoj til jJ L£ I LajJU ,*t ln~IJ ^ulill (jlSbj jjlVl j> f -VJjLj 

>*' ^11 ^a'M .indiction L;-** ■■■* ■ ui^a! tjlt I .a.i i * 1 L»^yU 

• <1jj ijJUc. ^al J£ sj 

■^■«* v io|jla ^-i_)l |J£ Olympiad jluljVl j5« \> Jii ^jy 

UU. ^jIA jjk L»£) ciljlu jjjI Olympic games 4 _ia 1jVI I jAu 

.(>.U1aII 

pLVI yA j J&juylli j n< II i A >a Jlu ^jll generation JlaII <JllA<<_>L^-iIi ^ij 
4ju_u Yo LLa.1 i.wi’i'm L^l ^yjc.iIfljlfc jiiu Jia AjaA dllA .pIxVlj 

jl <ap« yji&lj jl 


jUpVI 

l ji ^jj!blj jt CuloJI <ltjVI j-a-»JI Unyl» .Aajj jSj 

Jaa pLitVl <jA Jaj ^jll jajll ^A <tiAaJI IAjJi Ji>ll jjtS Ijlj itJjall J jy lall Jli 
Xuljjll <l»jVl u* jjla. idlj J^Jal Aj*J jaIIwI iJIIA ,jl£ .JJj ^jaj .pLVl 
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< * —l «n Inii ii ^Ll 6j j j 1*1 Li jij .ftll i. i l »1 C H jLS 

(ji Jjl i^^Lukll <4J-U JjI j^iu) ...4i ni 


JjlS Sjj^x^-a ajlfc O-iLS <_>*=>Jjjjl jl (jo> j» 


4 fllnl ■L Llfj cltjjk 
i^&jJaJI ju alJI 


tji jjLatxi JaaJI |> AJ » *ii( (jjjJI fIiJXuJI jalauVl JLiJaII dljjt (j&j ^]j 
■UiU'jla Jiai JSS |JL*_|I .oj i«Ti ji jj-oVI jl iu i<Aijill n -~«ll (j^ill 
Jjtil LQ jLlIcVI ^A *La.L> ^aJAjll IJlA j)l j-ic. i4iui juujaj 4 i ii ^J| LjJLa. jjclxII 

(^Aj i<iu W, 0 (jl 1 iii'iUaI (^A j-ojJI kiujl ft.8 .ikiAall i—iltll Ifl ilj ****** A 111r 

J3l jjSjll Jjac. .Imiijj-o (Jj ^T U IxfljjSl (j_c e lj-ai joaj <4lu^ YY”, 0 V^a-il 

.4xuu (jj^uCj (j na-i i ,jc. iLC 


(_jJ| (j Ai jJI iliVI j*c ia - mj * 1 . a Juu oSj^VI ijaail CikV^JI ^A <il J_u 

(j K «<iM i iirti (j* j)l jju liAj , t ^Jl (JaxjJI 4lui W, X 

. ^ (^iJill i— iIaSJI 4jc CiJaj jJI jUUuIl (jxi* j^l-iii-" (jkull 

jjxx lie (jl£i^ i^aklL iLiul kiuj ill Iji (jja (^(xll jjuJjj 

• Ija I irtA'i'n Jaj-ujxU tillj J,IS lujjc 

i /* “!~i |ja j t£ l Ci i ul r , (^jJI I'^xaUU ^A 4 ...I ii ijLjll .-.I j .-» C .?.!! jo jxj 

YYA Isocrates kljjj nil (^aLj^aII ■ * *■» 

Narses c> ..j-. . .. I jL tr lajj_x__JI jiLSJIj ,(AoY-£V) Cassiodorus ^-ju 'j _• --i* ^ 

Enrico Danolo jS^I (^u.JI) LfM _ ^ _jjl ^jillj «(oVY-£VA) 

^^ill fJLsilj (\oVVUVV) Titan (jLL5 ( ^ll e ?l j aLx« > il J (\ Y. o-\ \. A) 
(j—i>ill (^xaLajJjjJI j ,( WoV-\YoV) Bernard de Fonteneile j_i _,Li j, 

cr^LH^* (jj l_« ajSH j «(WAA—\YV\) Louis de Raicheiieu j Ji 
.(\ AAV WAY) Michel E-Chevreul 

11 1 (jl^ >»*ll Ii* (_> **»•> i * £JLu jl (ji VLaaII j-uj L« 

jkjll oVLfc ja ii (j-xill (julill joaj Lailj Jlj^i < I ■■" jxaII 
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< \ flL£ 4 -C-ILq i j ^ji\ ^Ul eVj-A (J * Jjl Jj^ajj 

I -11 I 111 CjJ_aU 4 - 4 - 0 jXi Jjj&j jj-U \j&A J/I"k iTill (jLSh Ijjj . 4 -iJtfJU <jjo JjJjlM 

<jj.il I pVj-Aj . JiL SjVj <_1 i mi OJ all <Lt-Oj_C ft i mTi V CuLS Ijlj «djLftll 

dll jjflj .jAJllI J 4 jLi I^jLjlj J\ JaI^j V OjIa jl ^iajuijjja SIjla a ? 1 ". 1 *. 1 

* 

jJb lafi » <Luji]l j^uasJI l-JLflj^o ^^aLlAVI _jjl 3 (JI Jsuut^ILa Jjl£ ioVLaJI 

^ ^ ^I J^LkjV ^ * * ...M ^^l^aVl jy. i *mI 1 j »i ojJU ■ ‘I * -»i jV *j * 

I^-joJ dtdLflJll LjL^-iiljjvjl^iiill ■_*! ^« Laj^ajj^ 

jj O^LSh I 4-2j-ail «-jL_LjLduVI ^Jb dtj — j a *H ^ * a"* Ja-UjJtl e^JajII j~aJLi_uil 


^ 1 \ I , <jiILuJI <j-i_u 4*>Vl j ilXII LJLa. O^j 

J^IaI J J ft (jl .^o-uijII t Ju cf^i OjjN e>"LiII (>» 

Jajji) i fJlall u* iii To • • ^]l JJ <jUI AJftLia .'j>j ^>|*i > Ja>ljll 

-OS^VI iiaiil CtLrifjII ^jttuill »Vji i 


^fl — <* ~ ■ ■ ■ <jl_a J^a J^Jal 61_I I J ■ » jj" « « ■ j)5ll_al jyC CiL»K ~v dllo-A J 

jkJC. jJb ll iny j_ 3 Iral*i 11 6 j-A <jj~ntill r < yjuill jjl Jjj . LbjjCj JyjjjV Ij jLijiJI (jUIin 

• J^Lxll oljlfu J^aj 

6ii i_iL>C. ^ySji jJL*JI ^jjlj Ijila l,i i m jJlj^all <LiiJ o)la—i Jjaj . 1 » l 
J ^ ■ JlAl Ijj ( j-ojJI ^kuijldt ju Cuxil 6j^xAJ jti a \n ^j]l) j a at I I—A <0^1 ^ ■ ..II 

.j o aJI J^Li sLaLJLI ^ < i f^JI i.ii ■ hi t^xaVl oljluJI 1 . 1*1 aj jl J\ jLjjVI 

^kujllj 4 "■ '*11 LajLji 4jjjil jLcVl iStil^ Lujj 

* * * * # 
jjLjkJ 4j| _ytc. {^La .ijjjj-eJLi JLaJI j-A (jujJ tillj jjl £<a < I j jA I «llj a- IjLacI 

* * * 

.JlilL Hoi UJlu l^«£ jji <nn Jjjjj jjJj iSUI 

Sjjjuj Ifji li!Lu jLocVl La UULa i Ljt kmVl <l»jVl ^IJ jju I « jicj 
iaj pIjjJI jjjlL JjAjj <bllu juJiil i_it2Sill ja%> i Lajjcj i ^jjJi/klll jt L*Lu 
j>*i» Moses ^ (jijjj «<au> Sj-uitj <1U.I Jj—y <yijj Joshua J>l 
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^ Isaac 3 -^.J J^ajjVIj 0^ is* Jacob ^j^Xi 
<jjju 4 iu <illl ^j-uj (jL^ul i&j Terah ^ < JajLuIIj <jUI <j^m 

j_a* Shenn i.aX> j i<1uu Hi ^ i ji Eber jit ^aj]j 

j ^ o * J)j-u ^ ( jv i <41 jj|) Noah *<1±m *\ • • Jh-" ^ (j-^ 

.< 1 *^ (j-jj oa. ) Methuselah 

jLa^Vl 6 Jla jjjLuill natural d «*t»UII ^jUI ^jAju jI^-jV oVjL*~o c*j& 

<jL5l <LLjla]l jl-a f.Vl Jjl ,j<aIjlfll <JL!Lll Jj \ iu illlxA <jl Lo5l — <LLjJaJI 
t L y&Sk Ij^-aju *11^ ^ 1 * juLt Jfl ft IjJjijlxuJL jjuilj OjaaII jj fl, 1 T 1 IL 1 Lfrjl.i n i*% I 

■ 4ini VA, 0 jilt JAA JjuJLij 


Jj-olj-ill Jjfrlll jl LLoj Jniril I jAi (^AiAx Q i nil plj l< n tfill 6jJb jl J-U 
jjJsL-mVI oljtjj J -0 Jl Q-LoLlL IjjlS ^aIjaH li nnijll eLlVI) £JJjJuII ^Jfcj£j 

* Jjio ^J| iutl j)-o >-iVVI oljitit i jL&£.Vl «"■»■■«*» Lo jji jj^Vl <uLUI 

lj *A j rtj < I JJb p Ijj LaLoj distilL ^juJjlLI » »i-^ll ejLiS jXuj .4jjjJajjil jj 

6j U^k JiVl jjJx- <j^Jj <£_jJalL t-fiLSUL jjujJ J_Jij — oi ,V A Jj y a jLa_C.VI 

I't i«»ill ftLaJiVl 

ja^I jjjSj i^fljduuA < 4 jL»jx ^JbJ^Lta ^jjIjj i7i| ^Jc. ji^lft’n ii li£ I jjj 

^ Jj l. i i^i j# Pierre Joubert ojjj^ jau jac jjb jLujV jac, 
<1juu WX cxAjJI dllj 6 j a f jlij jjlaJjj ^ *\ ^ ^yijjj ^ V * ^ jJjj N o 

" s k A^[ oLujil I I ill, t jj IjLfl tlLjia ftLlAi A j*i A — 4 it.Aj a Aj J . ^ t — j .» t llj 

CiLLjILfl •^Jaubi^ill ^yfi) J^Jal jtiLlj Ci il ^ jj^I <Lcj-a^JJ Cui^ I nK 4 j| q ■ »"• a 

u—C. jklt JLij oj_<u Pygmy shrews (< ^1^11 »_•< 

j l*» l i>* Cu»aj I jj^ < " i o»U l jJ >5^5 jSS^fl ^Jc 4jdLx* (£, \ »~i i V 

Jjjill Ojaj !_A^*d 5 * IAj** (>• Jj-ojVIj j>a 1 JI (j^uu Jl jioj_j - ?*ij i . . 

JlLuJIj Q ;“ l "~ k ^ (_f*^ JL»-«Vlj jflll fjujS JjSjj <«_^o£. J* JuujVlj JU^QJI 

. (jbjLa£.l Jl 
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4 * Jj-i j-ae- >* t£>J >**• Jjl5 J-®? 

^1 Jjl jjju IjAj .(jlj)j->ll <ii,la. ji <jl.t.% (Jl i _yJL <j jU J|l JJLj Leix. ^Gluij 

tLaJI Jj! <iiLJI tdiajJI ijjjJI oludl 4-ii JjSj lilt (jjj ^UUull £-L> jluul 

» # # 
jllxaJI Jjl jej| . ^j ieii a »Ln'ij JLa>j I ■ A>jl ^4 6iJjji jie 

6.1a ijULudl Jirt 1 ji I j.'ia jaullj <LjJI ol ulill < <1^ *<>11 

. ^jl i..WI iLa. tjii ^Lui ^Lfl Inflfl i_iljj5VI Ijx l^jLa. ^lu V 

primates ■-■! ■■■■*‘jll ojj LjIjJI ^x iL^UI ^jtjLaxi y *.tiil 1 JjLuj Vj 

6^1 * mllj < Jl»I ~lll ju JJU Jiij.*i L$A| oljj jj ->11 jt <J^JU ^Jj 

(jLuu&llj OjlaJI Ju {jjiLtJuJI j yjJUjVl Jju ^LLj^illj ijj^ljllj 4 juIj1I JJU (JUXL* 

• LbjLatl ^yja 

jl^ I »l^e .jLuxVI i_Jill CiL^t LxslI Ijl ^utlj J^Ij 1 |uau) 

J^Juj OLia, ^ 111 jl^ Cjf3 4oll oL j C * > 1 ^ Ij j* u*> 

<j| ^riA'i ue tLa, 6j4l ijj.lxi ^jjll i-iUH oLjaA JJC lHAl Ijll 

i j-3kl ^‘nejj JjjjJj ^J| oVLaJI ^y> jmMj jjx I LflXj e Jinj 

. JJj j&l tfj <Lj^X (jjjJjJ 4juualxe 4 jjJj]I > ilflll oLj-uo JjI jJjj ^J,l£ I afl ft 

ji jLiijVI uJl jj^ 1 (j** •■■■II .ttfl .jl iniVI ^4 JiShjII el I iijjiVI ijl jiuj 

oVLaJI ^ * 1^11 ■ «letl oLj ifl Ja^j 44j i<ij irt X , 0 • • ,«•*,••• i|a_a1L 

. i it^ u lii Jjl i.i^j V I jll «£,••*,•••,••• Jl ( g» ^&all 

^tl Ij4j ^y -ell I 4 J 4 Til .all CiLuJjll je t_Jj-Ll Ijxc Sjlx jjjJJI j im i'i j 
Jl - JjlS Ijl < Jcl I 0 I Ajl Jjjuj Jcl imUI |» »<i a. Sjlja jV 1 Le iLjlu « 

I3.JJ Lu ipli^ jjSI joijj ^Uu Ifl Jjlj Uikli (j*j j«J*i Lg-il 

• ^!luJI jlj»*-'|l JtJ dll j 14, lr.1 < iij jij olj_Q*il I 

jjill jJtflall (jnuitt .<UaJLe 4 ajJj <ujS jjola JjX » jjjjS 4JjJX dllAj 

. Lulj lj ■ ‘ till ya J^laV I jLexVl jjl jjc iOuLu 4 ~ i« n 4 jL» je jSV Juti 
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<UI i_S jC-J <Uai. I j a\~K, ^1 IjcLili 6 jJ^jo jla 4 jLa. iZ i Ai T ) jjLta ^Lfl 

•^.i»i (2>t* >‘ “ll (j“° Sjiil 

.6jla (JjJaV ^ fijSj (fjll jLaJI fjJI jj ^LujVI (Jj^f ^ LT^J 

^xul.jill ^ijll ^ylc- jJ-iVl 'jA JjLJI cJjj oLIj j -vl l jl jJ-jj j_Sj 

~tj JjLill (_).»ik 11 ^ aJ-iL ^ ri - m'i J,l jjio-ij «J5( ^ - » x r>j V I I frl. t » o < jLo_c.SU 
■i * » ^(c JfuL t )T.it" V (*( ll ju (^a^ULJI VI • l iloi j i ^l 6 j^jai <jaL« 11 
~ ■ ■ -I -~llj .-.LIU» Kj .j-«»ll Ijjb (JjlaIL (jLl«j o-,K jl Uj Lo r 1,2^a (jy^Lill 

.(jUjUA^jl ^JJ JaXU ^1 6J-L33JI ^_A iaJjiJI 

i *1 I. «. fI pLuiiu^lfj bj^LuJIj chelonians ula^LJI ^.uh <*j I ila^ i Ixa3 

jaJU Jc 4J&3A CiV1_2w LaAj 4 xj^JI t—A aIjJII lLiI J-o j \ 1 an j^jJI 

<"»jI a ffl a L^LS LoJ^ lillxA J| jilljj *4 >iII <jUU J » j U Cntilx 4 , 4 ^^L-laj 
. Jj£. 4j-i_ii uaAi 3 jujj Ij 4 jLo LAjaC *i£ Lajjj \ \ \ A 4jl*^j 

JjSIj Jl i flj Ij-Aj . 4 jjuu 4 _»UL I X * t (JL ijl ft ii*Vl jAlU Jii \ f" Jl J ^flU Ljjoj 

u>J.Jru<sl ^jJI j^AaII dLiUiil A&lj -01 ^Jl < Sturgeons )j»fl a! 1 Ja i.u 

Lajax ji jjS 4jjj£ll jjx=JI ^jJc Lake of the Woods 3 *Li>^ Sji % i 

4 jjL 5 -fl 3-LC oUlj i "h ^ajlII JJaj oIfLcjI LAj| cILLAj . 4 jluu N oY ^J| Jj 4^3 
Jl ^jc < giant dams j^LuJI giant squids J^LaaJI jL~JI Jla 6 

.6j!^o jjc 3 Lac Vl 6JJb 

(£I J-a J^ial j»-J* » j l jiw jLta J.VI Jjo ,U.l3tiLj I u j n»*» CilaLklll 3 
i is pl .lull 4.. 4 a 1 A Uj af J—4-aj xJ white pine jaaiVI jjjliAlii 

4 iLa j-aaII jjA J-JLJI ^jLuujVI j-aC JLlal 4 j)(j LAj-ax. J3ia J-4XU3 • I^ax JuXaJI jl 
FedWOOdS ^aaVI itifl ^iaLLij ^LaawVi JAJU jauu JJ j^ai <^5(3!I . 4 auu 

jjij J i <*tj jl I3-AX La^ xSl ji jiljuj <4 jx^ oJVl xu (JL sequoias 4^3^«uilI3 

.4xlu £ • • * 
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jLa^ii ^ - JU V\ Jc. - 4 _l=JI oLSKII JSj 1 o ? jLa-iVl 

Jlf L*jac. Jj^a si «IjLLui ^ brlstlecone pine 

j >*it >j j V* • * < iin 6^Laj iJU Ifl Af, Ijj (Jjl OA.^1 .t5ft CuLS 

• Jj-o r ^il 

4icLAiA O^jJI clliSI Vjj 4jJ jA ^1J jliij lij| ^a * l j^J1a\ 

Ljjij JaI^ J^itij JjjSuj l^ili < I^At ^jiVlj ^j^fl cul£ Ji|j ^LJuVli . Li^LaJI 
(^A ^1 jLlXl VJ ^ iKH ^JEjSJI (^A I^AJUd l^j^i OjJI 6jlll J^JbUiJ .4 UA 6jLa JjA 
jl at iWI J^La. Ja L^JLulj A ft a“» ,jl < \ « .q jj# J±£i U^LaJI 6iJb 
<<uLJI ajj-kj «Lj.A«ll ol^KJI <JLa. ^i 1 .Aji IAaj .JL'TiiuVI 

jjJc. jik'n I jjl jll liLail ‘Llj-I <Ljl~kll I j~ljjljalIIII <j*JJ jlu — La iat ^]l — 

ljuu < .il~w Ji-kj (g fl iAr 5 jjI j jjj-jttju L. LJLLi . LAjI j£i\ JL^AjJI oLSKlI 

# * 

.JjjLSj ^lAi ^ JAj UL^.1 <^.L iiSW I jj^ia ^jC. (ju^aju 

6j a t i.tijn 6 jj >/!» l^ibliaj ^JjJ Li^LsJI * *| fl . jLuuVI ^A L^Lk jujjJ <liL) ^a 
j -**ii dlj u jLuuVI jlLc IjI ^Lifl ^IL^I j! 4lu^ 4 jL &jJI jl ^LuiiJ 

< n in«ll Li^LaJI i jA Lj^A (jl V| pliJI !3i JaI^j i£j -^I U^Lsk J^jj V 

Ljjxu 4 ujuii. 4-iL^. JjLu —alft-^lnill JjLa I ciLijK 11 

SpVjJh Jj-o 

(liilOkbU JmLojJI - LajljjjSlI) Ciljji ^fuis 

otul£ll 4 ] La. II_Im*> i Jjjill LajV juJ _)AjJI | H 1 Vij jli JLa. 4 jI ^Jc.j 

^*l 1^*11 ilUijjj < Ii 1 <1 j jxrt^LI ^jljxa JL J^uJI jL^J j^u — JSVI 4 j^uuII 

.(^1^1 jl) £,lj3[ 

’“lij.laJI Oac. £>Ajll jwacj ^jA^axII olj^ljjti <-kaJI f-jjdj 

CiLaLl jl ^lijl jlc CiUK-all (jjlaj La Ijjlai «llij (jj jiSVIJ . CjjIjj 
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UjSi <CU ji Ljkj <j$ju V 4 LiJI ol jid U <1 jj 

.jjS|j jjSl 10 *Jj (^jl^11 <^JLaa Laj 

ka -v" CuL£ * « * J]j £-a L# I_a (j£ij «<jLjS 1I gj j J.a I £-* jt>-^Vl Cj i *« 'V J 

( 1*11,) ,<_ijoJhVl <jhiiaA i^ltiaVLi V| jUjLi Vj <4_La^_a Cji^-%.hJ1 

|j^ ^iiJfl ^LUJj fl -v « ^ ■ *) Jftif ol I 4*1 II jJA djJaJI jliiil 

.^LuAll jI ■ cJIj <^JlU5 

4 til ■ ^>a" *JLfl"*V , -‘^^ lll> -JalLolfi ij« tif £-juliL1 II )J^5 

* aV I y | 1 j.* l~> a* 1 -■> t c^La-«JI jj »-* 1 ** I JJb t IjjJlui LoI^-J I 4-fl»lIL) 

0 

• 1 «*» 11.4 ajl ill 


JL^a.^1 4 jI JliA j$u jJ <«Ljlia-i CjjI^ LbJjc. 

clllA IjJ Vj — In n AlL* tjjJaJI ^j-o <LflJj uLbOj (^1 — Jj-ftJjJJ I |VWm8 i 

.4 »<i a oljlui ^Jc. i — flj» ill l^j iJljl*lI jAjb 

4\ m r^-laJU 1 Mill Jj-lc 6j-J £>lj-aVl » (^IjuJI ,1j. 1 ^*i 

6 J_A 3 I ^j| IjJb iKillj . <jjXa JljLJ JJL> 3 ^"**“* 5ji i^tl 4 1 £il I 4fl i^alall 

. 4-flJaiU Jal l^j (SjA* ^3 4_Ja*-a LjI Jal jn>"> ciilj^Vl 

<JadUjljJ 4_liaJI j^ i.1 "h j |^jL£j <Jj_u ) LiaiL^-o Lj-uI ^JLaI j\ 1 %1 

Jj^liAil ^llaxuijj ^ilJI IjJixi jl jLoj^il ^Lku^f <4^b^Jall ^uAxjj I 

t£tU <j 3^ <4 ntfl ijlil {jj£j .<Lii_uJI tdJj ^ \ I^jU£ 

^ai ^ 4-ojLaII 6j—a jji^1 3*^5 oij j_^jVLj CajLS *^il 

• jl 

IjJb 4 n 1 1 1 d>f j 1 • <i l l (£J-aj Q3» flj L^-jLi LjI 1 rwl £jlj^Vl Cul^ 

Soil t>J j-aj$ fcJ^lLL <AjLi p^11 33 ^ 0* * *> * 0^ <4JLaJI *iLt . cJIj jl dll I 

4ajLq O* fl j ilj^xVl 4_cl CjJh\ % lj|j .^all LaI in fl ^all 

4 jti l i*i jl 4 j5^LjC 4a lli*5 1 »l { ji 4jt5^Li ■ fc * *1 * 4JujLjd 
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Ij£J I ^uLu^l (^Jc L^jILe dtl j jl ilHU I jj jjlS ^A-o 6 jX jv^lI oljUflJ 

,JS J J -fcjj ifJjjLJi <_»Tii*i I fljjf. IjLk^a . IjikJ IjiSi 4 “CL* 

. ( 4 J l^aLtajJ Lllj 4liJU 4 1 ... 4^^-JLI 6 JJb l^la 4^laa 

^2)-o ^ ** * LaJt ui 1 ijl (^Jaiii d * t^l njI <i^l£ ^ 1 «-ij oAaoII < Laj a f.j 

» a oJ-=k £-flj ^jjJI (Jaj 1 ixil I ^ _y_JI ^Jc. Jj 1 tin JLaJlj) <iaj \ I 1 4 ‘11 nil 

I_it *i^ll J 5 _a.jll a 4«/kyll ( j-a l_SJ_JU ^jl Jjl mij U~i 1 nj )L-fl .4 nj,\ ill ^ .. 1^1 all 

.6j-^=LlJI a J^Li ^ ^ * **■ ■^ II 4xuJI a.u mtl IA I jl <Jaj 1 ui l I ^a^-til tjailiil 

JjVl « J^.1 J-*j <jlj Ijjjuuik) Jj-o 4jl jA vjjJlj 

< (JLk. <L| jjJcj .(^ILJI I ill m-v ^9kLiaj J^IjaJI .laJj 4jjjj oIJlj jjljj jj-0 

. I j-4 *1 li-w 

In in ill jujjlJI J^luu j<iA i» Jji jjLi ^ ^Seleucus I JjVl jai^lui Jjl ^uy 
jl^ill ' I J_*J <<LaL^JI il^Vl jl SVjJI jl til^io-IJ ^Llif I (jlM) ^Uaijl JuJ ig-iuall 

(_£jlijl Ij3 SLflj JJLi jj£VI J.ii^I uVI 4- 1 jfr lal jv-Laj | jja f^k. <U^Lk Jjjyi 

. f .j rvr^^ 


^ h» II t# Jc l£lo 4 ■ n ai ^LflljJjL (J Jt JjVl ^jJjj-anl jk.J> YW <1 aji tjj 

t^ljl 4~n.n 4 ‘mill 6Ji j-J-JX.1 jjj .j.'i^u^VI I fl-ai r ^J^Lul yill *L>J _i 1 i | VI ^ i^ljVl 

^Ijlwll ^ Jt ijll IJ_ A ^ - ■ ■■J |i laii a J^uj plj ■ i< nil JJ f ill)Jlj) I >.l. >y 


. 'Seieucid Era 

» Kill ol^llaa ja 1 ^ Ij « ij ‘j J ‘H jjl ^jJiall ^yXjll 4 j m >1 oil 

^ kj j a ill jji jjwX 4jUjVlj 4 -iLLI 4uall | ^y^JuJI ^J ^£a llj \ \ £ 4 1 1 m i^UJ^Iaall 

^ijluJI ju^jLiil Ijliiinl iilfj jju .( -jk-j ^ 4jjjj| JjLxj yjll i^ijluJI 

kjj> JLuajjll jXkJI Jjjolj-O (J-* jk^iU -i Sli lj Ij^iLS ft|jl iu aj a^flLoC.) 

•illllAj liA oljauJI jjJx ijji~iII 4-alaJll ^i^ iaJI ^a ^IfluJI ^ylJI 4 a i m 4j^lla ^ « l I 


>4_|£ ^ * i*ll ^JIjiJJ ^o^ll * t -“* , l j—^Lki jMiaalj I a | <1 Ltr !...,» cllj jli jij 
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jJJLi pl jqJJ jjftjlL Ij-iJU <LI J-jJI £*^ 9 ! JUa Cul^ > jU II j4J 

4-UjuJI^ t L-vlj 4lui J^l t i II Jil 4 inj-fl illlxA i^ij tv \ JjlioVI 

4 jj Jj£ ^jl jkt^j jl fL^lLI jjoj .iJLJI jIjcVI ^a JabtUl L^ii i*U,*Uj (^JjVl 
^ ^JjVl <GiJI JiS \ \ < 1 « ( 5 !) ^ 

.JQII Jjxuh ( 4 #^"*^ 

Jii <!<■?■! I t>jjk J« J 1 0 • —Yfco) Timaeus 

.4 ■li./'j UlkiV lajjlj ^Olympiad system jLuljVl ^Lkj Jxil 1 j»jjr. VLu&l 
3lj JJU ^jl loLui^ll jidjLuj fLo^Lj ^Jjl J£ 4aaljVl i_iLsJVI 

.oLJjVl iiLfc “Uuljll ji iillill ji <uj|jJI ji ^IjVl <iujl ciiij ^jll ifjl.ia.Vl 
■- *» » A j ^ch»jll f nt~il I l al hi ^ oLuIjI Jjl c>jl£ 'JL* ^y* 

I « < <il* <liij £-oj *^*3 <lw 4 |ji ^ull kjj*JI Ulj <_>L*J| <lu^ Jjl 

&y ,Gl1 3* 

J ai-fc « jji Jjl jjijj ^jll ^jljjaJI jJUJI Eratosthenes jjj!Lu«jil^il ^jtfkj 
<AilsI jujlj £-bOj Jjla. jl ijjjojll jkluiti] 4_ml t-i~i'll 4juiljJJ jkL2 j4 Jjl LaiI jijVl 
Ujjj -yj\jVl ^Ltajll I n*t il J»i*i njl JjU .CjIj ticlil Liij <itau ^>1 i^li&Vl 
tj* fj-Si jtjjij Jjl—a.j «3Jj -j»_ j tvv tu* 3* j-v' jLc 

JpjjiijJ LjjLi LajjLS j ij» i i <jjI jjJ ^idj jjj .Trojan War 5j I <J a u^a. jJj ijjljjjJI 
ul <!&■“ I * . » * *-*-kOj kijml l cJIjJj i<jiljl <_iLaJl Jjl Jji 4 'nn t • A <j| ^ic 5 j I t 

■^* j N \A£ 4 1 1 ii 4 Ikmi 

! »’ 3JI J J J * » jl) |j»jll ^ J I I I Ti jj| j‘n nil jjlj^j J «J tilljj 4 . ~.*.J 

.'tether of chronology Jo Ij^JI 

ol^lkJI at JV-a. ly* ‘ij^jll JaLui ^ j 1 nil ^IkirljaV ^ |*iljlxu m L« j l 

lLajj Cun m l ~i ,jJ-o Aa.1 Aa._JJ 

j«y • L»jo j “.‘ “i *4 gylj a* Uj4 
^JIaJI j aV .I aij. 4 al~i-k LI oLI jj llj oluujll IjLL Jjl jUjjl jluAlj 
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L»jj j YV-\ \"V) Marcus Terentius Varro ^'^Li jL» 

VoV ixu^ jlr 4 juLal^ll oLiiijVI ^ <JLII 

4 r 

£&j .i ini JLUl Ji j 4ii I Ijjb f^XxjJI JjL-OJ^II J_C dij J- 3 U 

j. * j (j -0 Julius Caesar JLucI 

OjL^> ^ill j < \ i OT ^ 11 m 4 ruL'iL... all <n JjLi Ll^jIj . LLoliaiJ LLflj ^ ^ 

^jui njG j 11 jj—o YY**\ <lu^ ij <^jL_oj^II Ij-juo^U *j -« I <jLfl.ilI 

. Ljj < *i i j n 

<J£ tjl (olj nnll Ini */>) jM lit fl *i 1 ^LLj p 1 jtnj ^ "it t V< ^ * « J** II c^-J 
Jlu I |«£l Jj^LdJL d ^ t .a ^Lialll ljui Int n ■ ** •*** Jill oljluJI 

•Jjfl ^y* jjl£ LI ^IjLA I 1 WilVi 

|kjj ■**« < Ifljlj <_ia(£ Cii ii il ijUiJI uLlmaI <ILu)I 

Jill <£>*11 Jbjxuall jkjJL OBjJO ^ujLill ^j4^J uiJ ~fc . Ini «AlL> 

oifljj «iii <<j£ 1 a < 3 jLsk < M i 11 an V] dl.S£ ji IjJbj 1 Luaj LlJ Jwjjai qj <V» 

}l£ ^jil j«flj.tiII ^ij-u jj£ uHia* LluI ^lij <£>*11 

^jJI IjJJaj jjl <j 1 n£f &jjjLCki uLwaJb J^llll ^jU”i 1 nj> i*m^I1 Ja 
dll <JL§ OJUj ^<111 (j>iJI LaII Li Ij] u& ^JU ft.itiif Kll ijj-k£JI <JLA ^>» jl 

>jLa YA Lj > ij <cu-iL *- * <£>.11. *LI dlL jl qujJI dlU eijju ( 2> ah, <9 * 4 £>jtlJ 

j 0A0 <lu^ 

U* (jtjLi J* ) ^ on * <n El* 03 .»*> J 1 f 

cJia I<JUJ <!uU (jn_» igl » J'fij jljjIjjJI (JS» < » u i lj !•% | 1 1nl ^fil JjV <j£] i^ajjd 

ii > i i.. H ._i. V» » 

Jli l^UiJil jjljM jjij jJ jJLJI e±> C jlj £j*j \wnH J Lilt I jK jxtj 

Cyj 43kH *>»■ :CsA>^ y*| <>• 

.^Lyyll J)U ji gtu4f J)Lii 
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jJ.1 jJLsJI J-A I 1a JjLa-J ( ^y a s . .. u Jjl jjl£ 

jjl JjL^. o YY <lui ^ i a . Loj^j Ja r . ^Ul .Dionysius Exigus tjuj j — yj j 

,.' * l jj a VvoY 4-jjui j \.n I njJ Y0 ^^A *jl JL>-%> J^Lajo < a. ■ ■ I n lYi i in 

* V i^j.i 11 nil 

JJU I ^ ■«...*■ ^jjJI 4 auJI <L>I.U Vo£ 4jjuj jjIaj J^a JjVl j l~l«_l i^Ualll Ij^J LAAjU 

I j 1 n i u*i jjllll <jj.nlI i ji _^A j i oiiijJ jj-o dAjililllj <£jL=JI (jl (2£m. ^^A JiLill 

.Christian Era • ■■* 1 j-jj*" 1 **; - 1 H* u-^j ■ jqLII Jja 

CliLj£ a » i ■^"■■ 1 I ^JLt Jjl Jjl£j 6 j^uaa ^~i 11 nt I jin 9 Hi I j jij 

Charlemagne ^ ^jlljLJu jiUj «(VYo-IVVj Bede j_u _■ 1 ^-'.YI <i j.-ijjLjll 
jaLsil jiljAlu^U Jiai jj <j&l .ijAiSJI C^Lu l jA d «l i^*.•■! ■ (A\ £—V£ Yj 
£nillj ijjUeLI ^Jc. ^lJJAaII lift j liui 1 ^LlVl 6dAj . \ • • • <juq JJLl 6 jaA VI l ljj< l 

Sj^jjjJI tjAljjiyi JaVI pIj_uJI m il j_AXJ ^^ASnjniJll fJLfcll 

!>» S^n-ill ^ jJL*JI Ojl n i i.1 Ljjjl jl j^JI t^u-LmVl I 1 a £na.JJJ .(<_Jjj]lj 

. Wo* ^Jl Wo. <jjj, 

_>Sjj JaaIVIa -l_kl ^yB £_ij ja> _'.nu'i j - tl <jl O^J 

oLa ja a£$ll In ^ill jAj Herod the Great ^nSVl jj^aA ~lv;i Jj ^JLI 

jinj t j II l ,« t*i jjl 111 ^Ja_A £ <Gjjj j ~ jjjllj <««ita S a t jgo Vo* C«m 

(jfl) J 2 A-JJ *1aj dlj i nl I jjSj ^j| V A.~y i nj ^ ■ ■■ *M 

<1aJI ^ jJ g ^*ij Sj oi 4 j| pL oJaII jAaj t£jd$ oljlui Oujl Ji2 

.jV) <iic uijLui I 6J^lxa JC.JA |JjA SjjuiC. 


± I# a • 

vHJ'* OfJ 

(£j-a ^1 ^jJfi II ^_1| n*| J ol^luJI U1 1 fll J^aLa ^Lkj (jjal ^Aual ^jl JAaj 

LULjjjI tAMjlj <£il j*iJ i cilj 'im oltJjl L* Ij| <uaUI ^jjljll ■*»!»^-i ^■" I»'X.. 



Cuil ^~k (jLS »qIS I i^jLjj_JI jujLlll 
I t a ^jil <i)lja.l dll* cul£ jii <i • tfl'v IIj N \ Af. A*i i,n ."«»■»■ ^lll fAjlj^L 

fjujduijjjj <Jjkjl! Ji^b JLkd JldB t £>lj-^l Lfil i ylc. JaIjJI 

jjittLitVi Ujijjjl i idij jj ^yi pLoJaJi ^jlaj . ij^Aj j»j *» ^ 

.AjdjjIj l^uiiljj Ij-uS lj^ Ijliii fJj 


<JIj1I Ju.i.^ j*iiaA t jj jtVI ftjl * A -fc. jiiAl oljjXa ilKjJI CiiK Aj| ijj 
jiuiillj JjLaj JLa^j Jj^lljj V J^VI 1 ft.Tif A njhf £jl iA % entile. 


• AuIj^JL jjaa ^j^Ij uj£ *^*3 ^*** * ^ j^a j!iL ^ill Manetho jAiL I 

AiA ^L. ^jll j • ^*^1 J^LJI AiA , * t ‘ w j* ^£jll Jia j */>a JAj 

« w"...l JAj AJjIx ^a ^(£&II Acja .^a (£l) AjI^I-^ Ajj^I jl <I)La ^Jj 

.^Jjlill tlllj jlo ^Uajll f JJI 


iJLill f >>U ) * '- jj i * ■» jJk 6^Ui£ 4 «*l*ll <__a£Ia]| aJ^L-lJI iJLJl 4*1111 jl£ 
Jjjuu jk AjuLa-JI au!I ojLfljjf a a^>% ajuLuJI a iiall (Sesostris III 

^jAjuJI Ci&iijl |j4A Ijjui&j Jji Jj Hill .JjjII jli4QA ji juAilll 

j £ N Y <lu^ ^ a2j .<lua \ 11* J£ 6^o 6iki l^V (<L^UI 6 4 jjLuII 

CillAJ *6 jjuiC iuLJI 6^u^Vl ji/>f A-L jla 6^iA JJU CiiK fJLllI JjUmi 

•i^alLifl ^ji i4j * • »■ “ OjL^jJI A I...1I 6 jj j t|>1 J (jk*^ UVY Ajxu ijA Lj^^jI 

.^jjbll Ijji Jji ji jaj jli fj*» JS u < «a.» (jl J^*JJ 

jl J g« j 6 >>_i li jjii .1 a tij—ILJI , tm I~t <m*i i m j—aj j—a fJ_S*l ilj^Vlj 
f-J-fJI jujlj (jl * * * 6jt -Lai jjjfilj C/-1,Vll Jji >* ■ JJ 'dlj J-aj 

^ya ljj_5 J <t. r <4^ (_J-Ilj—a- Jj-S Yo * • ^Jl _)J-£Vl 

yijVl (5_>^Vl) <bL«II (j-» Naliner ^»jll J-» a_^» JjV o. i>j S (jij 

YAo • <ini 

<JaJ ^fjlj Sjl.i ia !\ j* Oj ipl I ijLuldl (j-* jlali ^U-*Vl ijl * A -> H Ci * 1 ^ 
lift (jlij .ijifcoi ii Y • • • <lu( Jjj 4 jI 3£II »* ia iti i\ iCil^illj 
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«gjjLdl |jj 4h -kill cilfc fJLaJI ijA (fl i'f* JjVl s^ ^Ua-JI 

(JLaJI 4 a- «* Ui ,>.l.i^Vl 6 J-A J^k ■■fcii'i LojjJ * i±j)j_a.Vl J |j •% t lilt 4-Jjli-o| 

, ) »* I 4 q i jixi jl AJj o a jj£ Laj^ .<Jb^tIuA jl 4 «U1 A. 4JL^laj 

.|*i t^iiTill| o Lm JLL I jj I *_* a " 

. Alui o * * * Ullfti gjjUIl ^)aC> jjjju <£1J <j^ri 

4 i i ..til f «Lu^L^J| 4 * A aV I olj 4 Jj it I ^Jjljf 4 a %\fl!l .■.Iji.i.aLltl ■".Ipja'V a 

4 > i.. *11 * j .^U^ill cjL 2UI ^Jfc 4 nil I qIj i i nielli jj-A 4-_xjjJlII LujI 

illlxA ^l<XA Llflj >a JjJJllfj |jjjiC (J^aII JjA Lo jj4^ac u iiaj 

A.a K JS ^ij A"k j_Aj <4-111 j J)jo CjI ftK 4 Ktt jg ja-c-ul ^yujJLli <_1 Jyja 

4"l » K 

lr> ^Jj ^jl Lo^> 4 ftlVnn 6jj «ij I <mitt * .1*^11 * * ■■■« ^J 

oJjinlt ijju QjX. uJILA ullij J^jJI ^jb jjj I ^Lla^V) .J^LiiLa 

<JLJll J j \ Mt } ^Jc.< Josiah ^ ^1 j »t>^j dllLi ^ubj^aII 

■4 ^ujLs 4-J^du (jL£ (£.111 (£jjuall jAS ‘NactlO «*■ £-a 4^^*_a oLq 

Uj(j 4 i >J a jiu-wiG JAj Ui <lui ^JJ itfjj (jl <jj| 4 <Jl J^j <jl ajj 

ul a . » im it I <_iL&)l oIjLajJI 6jjb ^Li ^ *i i^L* 5 -f-J *1 • ^ <1xm ji 

4,ftlt til uLi^bO o^Luil uJLlJb CmIjLa rit-»l ■ ■■ *vH jjs f Ij^ll 

.^euu J\ Assyria 

fIJCjI Lfil yltj \ • X. <1^ jjJJ 6jj_*JI fjil iut <<jL^iII 

^ .tjlij il q-jjLiII i^y> <1^4 Mi jju fUCjVI las ,jli£ .JjjljjjJ alL J\ <Saul JjL£ 
^ 41 Jj-x* jj* Ci J**_* ■ " t (j J»V <Vj^lLsj l,-hji> in las jjSj jkl .SaljjL 
•cK^ 1 CiJ 1 ^ fJitVl j>iJI l^4>i o’i ■jj'J 
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^ ^udbljpj Ix^Aij ^juJ-SJU uli^H iiilj^.1 jpl ^±ii Ij-oli cUaJI tliljlj 

•^iIaII uKU uj 6jLc juii j^aj jljjVI 6jLc *L^a jntj < Abraham 

Eusebius of Caesarea ^^axaJI iju^ilu^j ^ inu^ll <Li&laIa £j^xaj ^uxu^I 

jj-Jj jujJU I uLj^II 6«ULx joj_■ ^ jt i ft Ijpj J^XdO J^jaj £ * —Y"\ • | 

< L jj ^jn 11 mG ^yA <lui ^ i na>J (jOuLa j *—fiJ I Jxfi .^. Jj ^ ^ 4l*jj ■*•«**»- 6 J^Lxa ^jl 

j^ l 6j. v>^ 4 i ft Al Ij-A J_5j .ZjIjjL Cj£j ULl>^ l4-^5 

.Era of Abraham " tr oxAljjtfl ^iJI" JIjIj <^,3^.11 

f^-*L>ei ^ cflj iW^-? j \)H ^1 4 J^a. <j| 

Ujl l"lf I ijA J * jl^ll PJj ^Ji <j_^jjjLLI ^i-kii 

^xtl v_a! ^pj>Ll ULAj Lflxfl <JJI ^!ill 4_fl^JUa L^V ji^ifl JS j flf 

.(s Ijjlll JjVl (jjjSaJI _>i«f ^ OJjJ 

jj^jJI illlj (| jJUil j<^ J Lj i*ij Ijmf fjll ilijSLj ijij j-5 lio jlj 
4-1-fl ^r 11 sit Jjl jjidU Jjj# ,jj£j Vj t»l ut)Vl J£1 ^ )Vl (jl <J^Li. pjil ^ it-Tn nj ^jll 

• )L| <^]Loj oljlui 

j -» f ^cji ij[^j^sj <^jb«i-kii j^iii ^ ^i ti\n ijjb ^ij^juu^i jj j ji ijj 

(Jljj V ^jJI JUill Jj^sjy < <JiUJaI 1 I )j -aVl fkjJ <11n'llL ^Ukal 

..ill Jlfl J TV*\\ 4xul (JfijVl 4J1I hUfl < J^jll jl l^Vl uLui& Jjj 6J a^h^lil 
^^ojVl ^ I nj i_il,<n*JI Ijjk JjL», ^yaj .^IjJkVl aljj t^ya <jj_^ ^ i i2ajjL»J 

. oVlY v tSII 11a jljcl ci* 


jjl ^J| IjLajjj 4_i^al_aJI ^jLiLu^ ju&iuill fLoJ&II ^ juull 

Ijjkj .dUj jl jic. JjaJl Jjli t_iiLLa.l ^_o .ji-Jj 00 • * <Lum <ii 4 i> Jui 

.<jju^ Vo - - ^.Ui fJlaJI 


jjjLllI <J j^jll ■ .1...-vtl jp i<LjjkjVL julajll i‘ i *i*‘ J ■■* iij JI < «in'tlL 4j| JLu 

M 1 jAj ,(\~\o~\-\oA\) JannesU ssIms* 0 .<a > y ^-.1 ... jj> >^Vi 
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1m iAIL •** > -»■ { _ya jVl Jll Jjl I i aU»j U i~i~i ml jJLi . jJjJU ^»K ■!— '.I 

^^ill (juiXill i_>L^]l ol-A-ilaj t £ • • £ 111.1 \ ilLj ^ri i ill I j^Lu ° £ * • • 

CaLuui^li A \ 1 r I ^ It a > ^jJI \ a " < 11 4 % iUII j» * * a < *1111 <jLc.jj OjAxa 

jjaijj A ll ^l*JI I j »« ~ * L ftjLc. — ijJjLkjVLl i _jJaloII ^JLxJI i yi j‘»i.t*»t I 

(_y* AJ « f o*l j < *>■ ‘^> 11 ij"U jl (j-® i_iiVI Ussher 

Cilj (JLaJI < » j I l~»t J *f’ jLi oLI m-a J^-a. jaj 

. ^ ^ <iiii o^Ao jjk ■ .1*^11 Ijjt jljc.1 
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jjjlj Jjij £_k«aj :(\ o £ Y-*N i VY) jjj^ Yj^j 0) 

.oLjLaiJIj idlill ju^(j .jMAiiJI Jj^k jjjj <_j£j£ VI La jojVI jlj 
|^Ai^lll| . | jmAwJI Jj^k GjXfctJI jfljVl AjjJ <i-uLuil fUjj£ ^iiLILiU ^£1 (Tj 

(^*.1 ^jJI leap day (V) 

.^j^kjjkll 4_JI ■_■ ■*■»■ i^\flAo~No • Y)L ,_,J LL !^itif il^JLtJI ! |U^ J ^ t a j ) k j 
.(^^l^ll) (l^_i Jkll Lj aljjjll) jkijill jfJI jji L^-aJJ jUlil LVI (o) 

Jajl Z ^j A-aJI jj^f (jLcVl jLcI ^ 5-JLiJI fli I mV I <gj ny a ila ijlktVl ^ JljjIj (*\J 

4_Jc JjLj *\V jc k_i 3 - 1 1 ^ullj)4lui (juuiu J^£. Jifcl « i «il ^1 j^Lkj 11 ii A* j ft r jc ^^LuJI ^ jlf 
^**ilj i<iui Y* * jft J J-fcJI »**lj ‘|j * No * jc jjJbj (<iA<i N1 • jt kiULulj <<lui N • • j,« r ^ ^^LuJI 
j^LicVl jL&fil . N • ■ • ^jjj o^A jj ^Luij o*\Y ^i.ill h*h» TV* ^ 

<ftLJI <1*^11 -Ajj-hVI 4 iT^ft jkLkll a . J JiAkj jjjlf 

l^^lll) .iij^JI GLjjJI jiuu^tj <111 :(j}UI Jit iJLJI jjjill) jMiyt (V) 

(£A.l^il)jUjl <iiii Oljf^ : *1^ (^) 

<J^_lJI juui^a «^j^ull jlji i&l :(j)Uil Jii YAN ^Lt JjVl (Nj 

(^ajILI) .(^. j Y\Y <ii^LJI 

(^jlLI) .Ujall £j>a i i l i ^a ^ *-ill jj-jLojlj ^Jlt ijjU ( N • ) 

(AN i—A- * J j^kljMjj (AN 1-VlAJ i^jjill jl 4&jjill JL ^jVl JjLui ‘JjtljLi (NNJ 
jji. jJbj tjj y a >rJ I <t-fl ^ jJI (£-S j ^j ll dill dlj j-fc : L-uijj ( N Y) 

fe*l40 .^aill a^JI Jjljll U4* JSYI ^ jl 

.^.J GO wjlVl cuumiG .^jlu <kil^i Lli^uJI t_»ji L^J^LUl jljjJI ^i<uj2 <ui* \ (NT) 

.<1 < * -^1 f ^j '»u Ij^Uj^Uj «N N JjjaJI <nv iVl <Jjill jyuil <JVI Sjla£ jSjJ 

(^Jill) . YoV JjVl jjaLL Laj^ajj ^j|j ofi)* *>* 01 ) *f*i 3 ^ ^ ^J*^l 

(^jlll) .Jjt1*ih|j jl-k.^l jllj,»LftjVl jjI JULkil ^aIjjJ :(j5LII JjS jmc£*«UI (jjill)(Nt) 
(^aJ^II) ,<jLiS ^jLu-u ,j-o La& 4o*it Jplik jjij Vj 1 jaaJI <j JjAj Ijil tdJjll ( N 0) 

LbjSuLl .ilj (JAAjII LfJ J-BJJ J* <tuj jAJiAJ (j-lc. J a \»~* O^LuiA. ftjjl jjl Uft JJ&j (NA) 
rLtk l^i j&Li jill 4 ‘l*^ I djlu juLill jjic. j>U m ■% ^ LSjjjjj <mA| Jil j>U » n ^ 

(^.Jill) ^11 ..fLjiillj L&jljriaJI 
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j ui r £jIjJI J t) 



AmI£luVI Ijj* 

w JiVl ^uaj JJ jjibC Jj-oLjJI jjj-SJI JjJ ijl m^*i ml Jjl jJju 

iJVj jl i Ail J4 jJ^V J^U V jojVl jlj < CjL^Aifti.1III J)L^ ^y» ^ iAl oil 

ja c Xi y i VI jLu Ji ^J« tIL lijJ^II tji Ji .j unLaJI llLlj jja ^ \* III I jja 

LiVl i ii jc jfljVl 


jt) i aIj itjlj-aJ «,_jaajVl jjJc OU=i jJ) 4 ft d ft Jjl jjJc JJkl^u «l]llA 

JjLijljj I 1 -ij mil al l ,jl£ iSj . j_LaJu ^ILa. ^Li^ia liftj C i ^ 1 ~i -v l Lfil ft_>ll 

. yjjill Ijjljj dlj ,jJI jLii i> Jjl (f-j iV.-o'V•) Xenophanes 

^ 1^1 jt oL I q ^ JI La Leu dK.fn I i aU‘in )La,j jlS JJLA 

Ijj (_>"J 13 -»JI J)] JLSj *j-“U J^“* Lj-I ** J dI j CjLuLS jj < «">"i <-La*-uJI ^y> tfljj 

I < H UJ <d-ll Ci'^Vt (jl ^jl*mii*i l^utf VHa3 ■•■■>~~ J)| ■•■ft I U"...l 


6 jl*ftil l J^a-fafijl (ji SjjiOft dlia Jjl ijllll JjiftM jjJt «Jaa.V jij 

* 

LJLa. J i’it'i ^jjll jilill jju ( _ f Lkla 1 Tn ml jJj-qjHj , <jJL^JI .-.I « fl~jll ^ 
Cil mi jJu - jft ‘II Ui II ■**■*>-*« Lo ^1 .".'ii K I fl'.lj jj^| j .1 1 ~ L. ■■ ? » a~j - 

j ^ « ^»l l I j (jlj CjyUI cb-^jC^UI Lfild-^l ojijjdliA oljLaJU 

»ili* fJL*ll (ji Jji t-> ■■« J- V» ftj ixaj V c»l_>aijll 60 J» Ciul£ LLj -I - ■■•H Ulc 
<JUjj t>ajVl CuL 5 £ liiJM lj^ <-l.lk> ■-•IjL^- ■ .-.*i -»■ la j_jSj jjl Lol LfiLi 16 J~ al l 

■'^‘fjill jjj^lll { yi <£U <jjis Qjilik Luj jl < Ija, 
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i i p lULcul I —a cV I ^ jJ Cj-iL^ t I £A Ij ^Aj 

ciL^Sj La ji >"icl ^ii cj£.j Lojj 4 \\ j lg a^aj j^lLL-jjVLi l^-g-s oLSj ‘•—j j(3^I 

.4 ifl> 0 -^ CjIx^V CiA-Lij^ <xoljJ 6jj1 1 Ti n 

4Jai nljj < _jii.A.i.TilI 4 JI ^yi I Phaethon qj)°i ia (JjLa* fj-JaLuiVI &xa ^xa.V Liijj 

fi * 

fjC. IjjJLi i^ujluJI C^j,"fc 1 1 Uj Jitti 4 i^l ijijj 6x1 jjjjjXull Ajjjujj 6lj-al 

> A o-o oi 9 * j ft Jt-Jj o-° l^ 9X> J-f* c>“C> jL£ LaIj ^ o 

iCilx^V 4 -y \\i j^jVI ^jlc iS^ J 1111 ^ o^alj .jkl hill jl->*i i »lj J^jC-Luo 

.«_>ia pll ^k^ill dJi 

<£LJll qIxaLujII 0 jLu j *»■« * »<.t I Ljjji ^aj 

.Sljjlll Sj^SiLl ^ ^*. lUall jli^kJI 3 jijl£ J^Lk 

0-0 X i »J o^j (J^A CjI^A^J «-L.J Jj-fl oLfl^L JjlaIL clllA |jl^ xaJ 
jjLj^-J o^jLwj il~%iVI ^jjVI o^ oLa^LJI Ixa ^Jc ilVjJI opL^j .t-jjjiLI ^ujlull 
o 1 /mj-.u 3>JI ^ <1 (5 ill ,(\^-U-\AA.) Charles Leonard Woolley 

j VA* • ^Jj Lgjajjlj *LLI (S* * iiiiqjII d-o^II (I)- 0 4^\euu CiLfljJo 

^A (^ill pi h"i iftll (jl J » ft <CjLjLA iflll 6 J g I jL^Vl (jl—iJiJo^J_*JU 

t # ( 

Jj—ft <j|j X V ij < 6 j^ia-aJI i> ^Jc, Ljl .A i a (jL-^ *tjl jJ-u .^.3 • 4 j-uj 

^111 OJ-aJI Ij-A ■ 6jl *<*» ^ n j Jjj 3 ^ Lajjj 3^ ‘H J < J^ll 

ijuLJI JSLju ■*! ■" j-i-c 3^,3 <cj^uujI jj jJLJI 4-iL^-j 31 “f-sJojil jjLiuJ < * ■■■»ll» 
jJLJI ^^uiA ^Jc jLoii 4j| ^Jc oa^JI Ljodj 'Z .!(]'. 11 i^ySj . jL^jflJI <L^i l^.u^ 

. j Sj-uI 5l i-tll jjifl ^Jc. 3 ^ j 

I .Epic of Gilgamesh ^ ^jT.al.^.l-%. <.»r>l« i_j^i«..L j <,./■>til 

Ctjulil yjllj . 3 ° ^ 6 jjJ JAj *Li ^4 Q l .t ii 

<jl j ill ^lj . 1 (J lit ill Jij .3°^^ (jJ ^JLaJI ;Laj| <Lil^ 

^ < nUI ^Jl ^^ujLuull 3 ° oLakl^a^VI jii J 8 1 1 wi ^ il jl illl n jl&jjAi t m 
YV1 \ <11 u jM L*^i jP+m 3° 
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Lsji Jjjl (jtiI«J JjljAa. Jj3j <JS 4jlJ jjlijJsJI SljjjJI i_Baauj 

jjjJI ?> ' ■ ' « JI cjL>I j ii&LilI <jL1jI oLajijj £>Lill 4_iLbij ^ \ ~i > ^$ j-jj lj_c. 

.Ark 4*miin 4JL* 1 | 

JLSjj ‘ uL8>lall ‘•f® ^ 

Jjlj ^tJ I j^a_uaJI ls>UI ^-4 OAjX. J4 4 n ij5H 4_uaJI CjL i-iL^JI LiLiLi jJS JjJ 

Jjt 4 nt.l ttll Q^t ni "ill .<jLal ^jLs^laJI I (j, ,4j_a tJ IllI jj ^ lu-ill I flil ^ n i ^i 

i_jj in*in olj 1 »~lIj jL^VI CjIjLaIj JjjjSij JjCj 4 _)AjVI ^rlani <1 »»U.I| ^jlj »«~>f| 

IhX^J Luj jjajVl i"r* • 1 JAi .^jLfl^Jall i,i i. m i l(j » i ft% Cut^ tj^i "il I jj£j 

*Aa LfJ iTM.I’a.j (^jjLlJI llA Jj c. J Hu ,j*j (ji jl) ju.j £ • • £ 4 11 » jj-S j-ijijJI 
■ ^aoo^ll llA fjic. j^aVI Ojay <4 ajlu \"\0 0 JJLi 4a.jlill <ijl£JI 


(j-ojJLi i_y& j|Vl j a J i ] 4 *i i m ujV] 4 *i i n lI Iift II ^uAj ^J cllj ^aj 

^ ■ a i lUI I jJl*JI J, j i^afl ~il l ^ya ‘""Si 4-^.lj_i-i»j dUj Jjt £jJ-aai ■"■> < -■- jxiLc. Jjl j 
.(WAA-W• V) Georges L.L de Buffon (>ijj ^j) j .K.l ^■ ■•*■ j_all 

»Lalj j rt*> > 7 i Lj. fll jj 11 i_y^0 ^u*l I J i7i*uy i. i*!*^ l Lolx (ji I no -> 47[ i -s. I ya jfliI IQ a 


nil'll 4-,jJ» *i 11 & ^..l-Ja 


WAA 


•• * 
4-Ljj j i7 i i (^jll ^_jjj_al—=JI .1 !■%! I I i l-v 


•O^J 


,VI 


c^ijVl jjlc CjI jJa jjjJI oljxilll (JJaj _>J^I ,j-»j L=uL»JL J» ■» jJj 
|J^® 4aj^ !_iVl 4 *i III (JaA |_>^J Jj-a^jJI ^jJI Op La. jJi ,_>AjVl Jjl iJaj>l« 

pLsa. LaS ^ykjVl ojLLa t _ y jiI Q . , i i jl <111 4-aK jl ^jJLSlj . 4*1,,, A. , • • - 

-Jjlao ^jLaam <_» "« » t i l l < ai~ii L yc*ji\ (J-la. pla (j£^J 

. (oLijll 4»_il L i^all dlli (ji cjJjj ^ OV .comet Liia ^jlill ^_^JI J>Ajj 

plajj OJjjj Sj Q i nn ilia oljj Aii .^AjVl j^-lu (jj-y* i.,iu^>j dlij Jju 
lj iU l i a Jjc iia. (^jll LJLa .LA I—.till ^LaaiVI I ■»*■. jjj .■-. ,< . -.7 jij 

S^aSuS 0. '» a~ i dllj i*J . I 4- “ ‘ i» ilj-a 5jVl Ctla JJU <jjI j ' ■ -VI 
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<la pill jlikj u ft'ij <JLj_aJI JLi 0<1ajIj 4 jIuaII j^jVl 

jAxj <4*i iii £•,•*• jlo <jj ■*• oLfljlVll Qt ifnj loUaju&Jll 

jAli Cuj-uu dllj JJU .oLjA-JI I^Ia Cuj^J £^Jall ^ <LiljVl <b^uklll 
<<iUJI (jAjVl .<ilajl (_>AjVl Oj+k ^^la. ^jVl J>LL yjj J^j^oll Jila. ftlail 

j-6 j^ lalfl I iAtl JjJuj .jl mrfl <jL^JI yij oLIj I"JI Oj-fb 

jjuLJI j^juj j la.a, ^Jt Jj-ikll ja&j iJ^jj jl — degeneration I J^Lk 

• Ij^Aj *^jLlujI ftllLlll 

P # 

oVLal^YI JS ^joo^oj J)lk iillal Ijjmflt oa^j aS 0>*J? 01 0 - * 

^J 4j£kl «dUj <1 £_ul I * ujL&oll pi^*.L Ji <la^^lll ujLnl ialiklutlj LLaj 

.Ajl^Al ^jC. ^^Jc. jja. 1 jij < 4 uijfl 11 jjJI Aji ^Lol .IniAt J)l 

ikij 4_Luuj^flll S jt^ -JI oaJjjI ftlijl 4alL&ll < ii ■ JI < \ V^A ^ ^ <j| tin 

jlLLuiVl l^lAlku 01 *L»J*JI Jj^ka ^ . J It > ii^> ^Jl JpI iAH <m tl^H jjfli 

^uli ^uLuil (jkjVl ^ujti iji jj^AllI J ^LljIjjoII ^A 4jJjLJI 

•cr^UI ^\ 6J>la. Aaj ,>jjl Jil Ijjj . ifk 

O " n J •> . <<l^ ‘ »V l (ja-^JuaJI Jj Lf k. ^Ul yjl J>ajll jjia. J-a <-o-f-o oljJ 

LoS — jjAjVI 4ijll AjUJI ^luiljj 4jJUll *iAA .| \ V*\V—\ YV*\j JflfnGS Hlftton jj^ii 
Ijj JJU) .jjjVl ^U« ii i n^jj ^A p^iaj j^laJ diLi_A 0^ 4jLj — <JLa Jj-o O^J-^ O* > fll 

Cj^ 1^ c Ci U* iAiIj CilLUJJJ jjajVl ^i LJJI Hill tali Irtll ^JAAJ ^)l iJ t *% I /i lj 

«£j|5£l_)jJI JjlOj (jAjVl £c-laxu jjJc. klUi ‘<_K*jVl J>klj t£ja»Vl 

. I jSkAj <aLillj (J*Aj 4jj*III Jtadl i _jJLl <_ia.jUJI ita^all CiAa^uj 

ejaxi ^jV I Jalj ylll ^jill jU <^ljxil ^1 I j-A JS1 < njhitl jj-ljjA UL^J CU^ 

^ iol a JljJa (J.l all (jni* 11 } 4-i-i_>JaII ^j ut \i J n , t~i OjL-SI ,jAjVI jx-laxn j j J »~i 
^. ■■ /. jll JaLJI .uniformitarian princple ^'<j ally>WI JL jj «_*i .^jVl 

‘fjt *jVLi -,_>AjbU I il-».ltajl Sjlj-aJI jA l*tjlraaJI Cjl^xi-xll aj-A J-itaiJ ^<ill JIaaII 

tylja <11 cul^ ijLdla^fL 
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<jV < l-ta. ^Li^L St V ,j^jVl O* jJ l- 11 ^ IjJ <J-u*illjj 

■ -■■N.I ~. I ,»Ilj ^C.J -1 <j| VI <j(JLU 4 ‘ itiJ O-jl-S 4 ‘m I A i ll Oil j-uLjJI (jl £ya f-C-jJI /jJc. 
im yojJ I <-■ I' 'I jjl olll* <j| Lu : Jlij . 4 - 1 * Ou t . -. . i l lioj SLI4JI olj-ti-JI 

. <ul4j Lfl Jl ^2jjj ^Li 

<it ^.uj Theory of the Eerth ,_jAjVl <LijJaj jjjji jjIi * NVAo <lui ^ 

■ jjI uJjlj jjjoA ^Uual i.. 11 *aifI Ij^lj 

OiljjJI ^ 1 *. . .jl I ^j| 1 11 jKaV ftj O iti ^ 1 iifLi d ll A O-il^J 

^jJI iiLuaVLj .^^IjUJI (j-lc. jj- 5 JLj jjSj jJ ^ nh»l l LplLjjj 

4 ^-Ic- jl£ Lofi .Jjjll 4_>ojVl j-AJtj £LHiVI ljj-1^1 Co jm ai a <i*IIj 

jac £-a Jtjl 1 j^ajVI ^ajlj <bi4^il^JI <J^oJI 4 -apI^II ^5-A JI 

- ^c-bo|^ J^ilu ^illl *—j IT^II 4 1 rtjC ^i^ll 


Charles Bonnet o-^ jl d» —.-ujj uJI Lr *—j xkil ^Jl *JI Jj\ —a> 

..^Jl jjljLo ti 1 * q^ iJI SjjjjJI oLjfl^Jl j <»»« Jl V^V—\VY * J 

AI J ^kii jj in JS tfl 1 <jjUj j-OJ OjL^ A^J-fl JS 4-jl 1^^-flL 

p^juu (JS 1.1 u I A \ t i — CiLj fl 6jj_*-o ^-0 IjL] Lhp Ijjj 1 ^ fl a J fl Aj£—at^JM 

JjULq catastrophism ^ w*i*ill Ljkn <olc jIUu jU La I jla j .aj i.k 

d. ^ 1 L"t 4 V | 


jl Jl ,J* <^j Jjill J^aII J-a Jl d tjl A. \*ll I ■"«!* 'V 

<jjuu jVl < G Jxb £*££5 ji AjJl^I 4jjI^ Jl ^jiiLJI jajlij J.fljQ *-*»•-* J-OJ Slm Aj^A^a 

.^jULf *_jLu^JI l fl < ^ ijc LS LIU. Ifl i i f Aj^k^ll ajl9j-JL ^AjVI <ill jU. Lajjuj 

Jl - jji-uj jL^Ja-u a Ij^ II Jl (__>*>jjjchli pLoLlII ijljill c.l»> 

Jjo ‘"‘U iXS 4j^1I CjLKU 4 11 nitL CjL^LU.^I ^jl J I fl fl *1 ■». I a j oLjAaJI 

Cujil oLj^aJI Jl .lilf.l Ujlil J^aj <j| VI <Oju^ iTUua j^LUJI Sj£ft 

.Aj^oUJI aLsJL LflJ CbuiJj iiLuJI cjLb>UJII ^Jl 
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(NAVo-NVNV) Charles Lyell JJ ^JjLi ja q^jJj 

(£j L— i * uLl£ jjmi \ ATT 4luj NAT • gtjj .d » *IU nVI j'tj * a jLUl 
Axa- j5L.t.i ^jLSJI acI j -ol-iLa-o ^ The Princples of Geology l_.^jtj_.^ll 

I . ' t « (j* M »j tj (j-lt JdVjJI J _ il i ll -L-C.I—J_Sj .j i 15^11 4oo £xjj 

_>Jt 4 JLuus 4 ii ii t—flVI 4-I i 4.u ^ ^ IJ JlS jojVI jdC q)£ ^txi^lj J ^4 i.a I lV»W f 

dJj J^lj Jj 4lu^ i_A^l <lu( jjx jj£l iJjUllL ^jojVl ^o£. .p1-q1«1I 

• IjLab jjjSj 

ttUall »\L 

9 LjjIaj JI, Vfl a jA Lo iJljxJI 

j ixi 4j vIiJ-aj (_jjJI JajlII i _^jLlA £tlV> iiit jju •* ■ «.! U"WI i t ■»! pjll ^5| |j| 
blj JAi Jau Jx-a <4xxl_jx 4_=>-xxx ijjAap Lj tlUi ^xlI 6jJU I_M ■■ ->»j lit]j Jjlxj ijaIuu 
6jxHIj <4xx^ox>j jIja (jj£j La 9j]j£ju gjX.-w l^itjiwiil ^aJI S-iilj t^J-ull 

i/i <UjJ 4%j‘li l^lx-Ti ^III 

<_iAmJI kitl I plo J^ax £JjAxILj Lxjc. pill « tii~> IL LUm; Lxxl jl 

-jL^xVl Jj-o JjJjJI ^gx^la JjC (ja £00*1x11 £-111 IxHx J^La. ^ya jtJLo pLo (jJj 

-lax-all 4xo Llj-fixil j-^-xll aLxo 4 xo£ OjAJj j^xII 6 Lxl III (jj'iall Jla. IjLi 
4-a^llL jLxo ra. 4 i ■ m ,~n i la i_ftl| 6^xA , ^ t - a~L n. n l AS Jaxall Jjl ■'■■" 2)1 J^nll ^yii 

. lxl la. L$x J^a.^11 

«( Jj-xxllj jxi-xll (Jxix 'jf (_gl ) ^yoJtxll J i t~i 'll (jllI Sjxlllx Sjxlll 6AA jSl jl 
c>i ji ‘tflLaJI L-4 -^j1xxi j^jx-olll ij a o^ I.h j-5 jLjlVI (jl ,jo lj£Li« 2>5 o p^ 11 jjV 
,_)xajl ^jJc. £-111 Up I jj Ciil-tj j Li Tij (jj-vIS-xi jl n Jl 2)x» 4 l-x .-All 

■pi Ui-fc.ll £^LqI (ja CluLuiI jjlS £-111 I1a (jlj 4J)La. 
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Jj-idl joj-U jjAjVl JS jli .di3 <> ^,>11 (jJcj 

ji £oo>lj]l £y> J*-a. <jLoc.VI 5 jojSII gitlall J—ajJ oLia-*-U e^^JaJI 

.J l li ill I Jo JU^ll I oLu J*j V jV I JOC. 

4 * ■..il l * lj ■■■■■ I jl 5 [j . Ja < i»nilLi l^iuu II* JU i^Jallij 

.aLloJI -•■ t« , H j^Jalll Jc tJ i.t-dl pljVI J^oib iJu^JjoaII 

(NAW-Wt'V) William Smith ,tu * ^LlL, t^j-iUrtl ^^j-j-UI 

l^olju *j * - " « CjIj_j*3a LfJ j - *- ■ Ul <*JiiJU ol flilnJI J I ^juoj\j li-iljjLi I 

*3* Lajlj Jajj 4_i*jj 4 a U'.» O I^LojiiS 6JJtf 6J_^I^11 <t i Ini I ^jTi <jiaj e_jJU Jl 

I .^M <Lilkll O-ilS I «K I ill] 3 Jo _jjSVIj • <*oJo JS Sjj n*il I Cjlojfl -til 

■ titAi ■■ jwl -< t-vll tlillit^ll ‘“I OCjll US, < ^Jdl Lgol jjA^aII Jo jlS 

— ^a^l^uJI a^^uull tjlil jiL!)U <ULflj 13* ^1-if.I **, * N AN"t 4\it i <j tK->^Lo 

.SJU1I LfrHSitl jjJI <LJ,I Jli.il Jo < Cy“ oUilill e^jJaoll j-ULill 

»P, itnll ^ ill Jj Ju^^f^oll Ca -^cjl jjjJI (j* P>*iill «l i j. S-k jSS fJ <£-JJLj 

lililojlill ^l^| jjic. IjJbj _}iaoll JjLa. t^jjl Lq 

Jean Baptistede djLo V cu^Ij jLa. ^a* .Ll l ^J|_*JI J,U .\A. *\ 5iu, ^ 
olil^v-JI j] ^Apil jJi < JljoJI 13* Jyc. <jLa.VI (\AXV-\V££) ^ Lamarck 
l j j t *> (jl* «ilU3 •^ y * _»l*>t l 1 g ti l i nil < t-^kj~i l^~il 1 -t. 6joS Jiti, p^ I til I J 1 «"~ 

HajJj 'Cuflj J j l"l w i M Jjiaij i^ O 1 « no Jiiij 4ljJa jljJj 1 0, 1 ■ > ■* q I ) q I ^ Ic ^Jjqj 

Jfllu .(<-JL*JI jlr> itiVl Jjlj,! Jo JSVl <1 line t jujLa US) <jJojJI < f-> .~*i Ja iiL 
(_j* U » 3i ll J^ ri . , i_t Jl jjJ) < j l ft » M J^al, i . ^ (jjJlj i>jl « iffl J iL_ji=JI <_l3j]I »3* 
jkifl •» ftlS J< «i i l 4 l a u*iS ll dj I is^t II <31 ^ J l 63* ^uAU ,d]j ^aj ,<iIjj ( b 5*^ <->L^-jfl 

<J j ,jj. u V jjl a^j-aill J*J < l ji*jU.I 6jla. ljljj/1 i.m"il ■ a .< Jc lj .... a~ L«~. 

C i l» j J* 4 j>ojS <-al,. nV 1.10*6 (jiSjill ikll (jl^, • (^SaVI aloidl 

^Ijia^ll ,'k ll ^ 11 n~ l| p^^-ii tjljjll 
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Chrles ^jluUI ^JLaJI ^Ju * \ Ao^ 4_u-u <ui jlu 

^ iiij-jaJi .Origin of Species ^l^iVl J^al oLi£ Robert Darwin 

jf _21 I^LS jlj-flVf Aj i Jj-ii jjja ^— 4 jj|j A«x. oIj. i A1 Ji ^ <JS 

(Jc-LJu >Ujwi * “i ft *i» j) £^a_fl ^t£jal CuLS jl Aicl jl cmI 

rJjjJall ^aII J'fic-j .J-ujllillj «.ll Jduaflj tZulS ‘<±**11 £-* StU-'V aj j - t ^s u 

J j iij i^.Vi >.i £-o *—& &i jJaA-Sj ft Ql^jxl all_j_A ^rj.uT.*i 

. pLa-iJufl ^jAj> j I.U.Vah. 


4 a i.ti <Lojl .5oi 6jlill &aJfc j-j-ojlJI ill)a ^5 -j.i jlfl all Jjj-jlujJI f I a I <jxIj 

^*1(1 fVJ-A IflJtflj Lfl-lifl a£ f jjl jo£>< I 4 jj^IIjj J <jj . i iuiA 

.4iiaL*jIj ^^ri-tlLa Jafllflj £jljlll ^ii < ■■ I J)C *■ jLhA.* ( _)*w-ul J^LL |jj£a 

^yijjjlalf *13 SjVIj cj-ililll Sj£i iij^Ia iaioj 6jlA Jj^-o ^lLII JjlSj 

ala fjlll* Aj^flU 6J-flJ <LuJUj 4luk^JL( jlSiVl jjJ> 4 -Jl£.jj ^| jl) LfcjLaj 

d a « aU 0ij jJt-J <jAj jll'V.i 1 .n..lVr ^1.1 j.tf *.J alftl 1 jl ri.'^Vli .^££aJI tllij 

4j 1 ^j-a^ Llaj «. iJJ-u i a JjLfi *4ojl^ nif 

.(jOajJI ijM^La * .ilt-ti <jLfl ^jliA-JI £hAixi 



^a£. Ijj 4li^lali ^aiSla J laJiT ^"i-%.Q * 4jaJ"va 4 ^j1lII Cjp aiijJj 
j* ^ jj t ja« i>a£i 4 jSJ <4jau i^iVl 4"i«n jyll (JaaIu ^lfl c^^ljLa J^itn ^j/vljfu jVl 

.^L^iiJI X l.t^U q| fti m*|!^a11 <XU1 

Ijj alllA (jl LaLoj jc-i-ol^il <j it ic, ^ui aa* 1 c,l»j.juj1 

<j| O-u S j^ jua ^yll 4i)^juj Jj a . T i JjI J j 1 - fa lt (jlj «5jU»U ftJLjAfc 

J^xu ■ »j • - fl iltlkll ij^u> I 4 - 1 I u LurJ I 6 ^l^&tl Cij^l Ijj 

. jl plait I l^j tbJaa jjl J 13 J jjjaS\ ^yll Uljuxl 4Slia}l 


Herman Ludwig JII^AjaLa goij^J ,jLoj** ^UVl ^Ljoall u*j 

iS i_j JUu ^31$ ^JL5 Ji ajllii (\A < V£—\AT\) von Helmohltz 


306 



law of conservation of ciLUl «=L 5 j j 5 ~>. j cuj oLJSJI 6 .ijjj < \A£Vii^ 


LflU « j?ua jj*_u 1^1 jktjll fjie. ciLUl J\ ^ ^^alj jfi . energy 


■^jnnitiH jujJj IJj I’lulill Ij^J juluiVl jiiljSj nl_i > jl AXjj 

^ ■ ** jl Jjjj <t_i_flL Jh'i u Lfil j| <jJj| jn« itill J)l Lajlj jaj til .lit 
jlil I JJAj pj-oaJ] clcj Lgol jj-lc Ij ilj jli'u jK Jij . LjJ <-i l.^[ > H 4j^jyi < iiitil I 


Infl fl SrLaVI I j I<ir j-ao_oo ojjiAJI jjl i/i o j ( Li dlj 

jjU «jlt JjLaj AJj 4 cjoxJI ^iU.11 Jj-ijJI li’u I n.l'ifj .(jj.’iAi dljJk ^IjLo 

liLkll cLjLj JjjiU jlj j.« iti jjljtj nIj A Jjl «^£j3kl <] (jjl n mil *»j ■ -~tl 

j« 42 UsJI tjji jjl <_i4 aUsJI jd« < «aiA ciIu^j jiuj'illi .jjjjLja 

.La^Ka 


4 j ^uj Co IS ^jJI Ja* 1 I JiU. < jjl 

joaljll jK Uj ><lu< \o> • jt >^C (jno lull SjLa (JS ■ *j• ■■ • <4iUaJI 

jjJJ-uol I Llij ^*1 » J << 1*44 !•• • ^jx Ji) ^ Lx jit JX ^J" « • "I I j I 

f^sll (j- 0 6>®J jjSl _>^l jA-oox dljjk -V fjujSil <_iIjSILi 


4 ~T 4 I* ill CulSj . lilt IX 1 J jl JX,J^ t <i^AX dji I 4 ~t*w | j'tlj A j -I.* ^pjj 

U^jL colSj (jaIau c n i S juxwll jjl t \Ao £ 4 xui L^_JI J^xjj ^III Lul^ilI 

^ ^ dj ^ 11 Cuts t IdA 1 (! IiAi j lijjjLdt : »A ■ 44. . .m JkljJI j) "4*i j Tt 

IjAA jl Cal •% i A II (_>-* j ii n Mil l CoLS .^Ixwl ^11 ^CxSjaJI A >1 Ll lj U j a *..I I 

jjlS .Llijil £jjLS t^J-o jjJcj . I jr l » . i d Ojika J* La J£ jij JajloJI ^ Ijli 

Sj-f-a-VL <jl . t . -iS I j^lSxV I jji JjSu jj j-i i/ill 'J-* ■*■ II (_jJSJI l«~ll 


.^ll^aj xliA 6 J. 5 a.ji I 


iLxiil I'iIjVi j) s <ujil jxt j* LajS jiSl jVl jot jjSj ji (jSdLI j* Js 

^jJl !_)« « Hi ll (jJj *J^lj J^l 4j**6otll Cuts < g l ) » ll AjuIj J-*-iI j-a^JL JjAj 
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I ^ tn \ i «Lat ^ i rtf I £ya ^jJ ^lluxS ^ i.^. I ^jjft (jGauII (j^a^Loa 

^1 fJ frIUn ^ i ^a .fl| Ja*j£ Q Giu N (jU^Laj ^kj_5l ^jAjVl j^aX ,jjSLi U* V Ij-A ^^Jcj 

- i ^aC. J^jo 4-L^ia Cj**uI 4 i ia^) 6_joJL> ^j£l ^sajlTJI ^aL jj^_^ui Jj | 

j i h a j % 4_ajal£JI 4^1 jq^ 1I SjJLalL I j *vl I Ijjb jj l 4> -^J fJj 

CjI jj*,Ji II ^j jaA ^fjaall J . t .1 flj jl (^^AjVl Sjjuxjfl Sjj-^a^lKoljjiJill JjjjLa^tjxaJI 

.<jjL5jjV I <jj^iti*ill 

jkl_ lLj (gjl i tiL nVl ^-jLij_i_*JI 4j jfcl—fl ^jJf 0^_JI *j(j__L^i]l ■“. ^ «>"»“» I 

.(NV V-\AY£) j,ilS jj^UL jju Laj a >_^1 ^jll .WilliamThomson ... ..jL 
clij ^Jc j*uaI La^j ^yLiu.vJ 1 jj-6 ^ CiLiiu Ijj 4j| < \A£"\ 

N * * , * * * , • ■ • <J*4^ \ ^j-oj Ct^LiaJ J-5 Cul^J <^Lalx tjG i hi JJj 

4_JLaJI 4 i ^LjiiII 4_^)J ^Jl ^jn n i7i II jdcu.ju 4_a*jJ Jj-u 4xui 

■(o*> J^ 1 c?‘) 

< LAj^dO L^-jij^J ■_ * * 1,11 Li Hi ^jljlLql ^LujI jl£ t LAjI (I^lij Jn I 

■^L» jjVI Ijjb l^J J ^it^JI j 1 t^ll jjJilL citH il iJUJI L^-iljjj <c.j_ui ,jl j_ix. 

4al^ JjV .jjaaII Jjo utUiii 4 i% ijJj 6*o 1 lLLoj <ctUj £-oJ 

j .^1 *-uVI (jjfc OJ-aJ 4-i-fl (jLS (^yJ-taUll 

jl JJlij .4-LI 1 n t ^ «_a Qjl »/> 4jj *k 1 nil ^ If. |j^jVl Chil^ CiA^ll dij 

£~La_iWI <Jiaj .4* ii>jx ^Jfl ^L*_ljVI lU^*!j ^Jj L yajJl OJ^J <^L*_uVl 

c-LxJI Jj-o 4-a.^J ^Jc, jtJ-i-olj ^LLaoJI (jfjjJ j a~i 111 I I n fc lir, 4lLa. ^plc 

I jl 1 LlAjI i^La^VI Itli ^Jc CiH.» 11 % Oj-4-tal «^1 >..uVI jlj-A-a (JIaj 

4aL a j C J Li'p V La J ia &l— 1 ^11 4j^A 1 aIlu j^-At L»J^a O —1 <r> Qj I 1 ^* 1*1 


^jnrt <7itl Jal i'i *\l J)X 4_Jj^Jaj n [ 1 A j,iii \i (Jj-fl <J ^LS La Ijjft 

jljjLa . .. 1 j'llj*j *1*^ 4jjJaa Cj^uu ^1 Jj^ajj - 1 ^ liilil pLlil I jf Ll,itL 

i*H.Vl 4xuij| jlyijIX jjjjiLa T * * li^iaA Aj^j jiiAifill dilJj ^ ^ILUw ^LuiVI 
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jjJLaJI JjJtlLj -(jJLaJI iJlj •**-? O-uaiSjJ (^jVl jfj-o ^JaSlI li* Ji-ij 

!^yaj -ijjji iln Y 6 6jjJ) jpoj ^ j* ' f-^ O " n ' " '^ ^pl—*ijl J)L^ « iJiliail jjiUaW 
i~ ~ l ^la. <-al -a .All ftifj . iJI CuL£ Lojic. SjJ-a-J-a jJ U 1 

( _ > Aj 5>U lj •a .l i o i 

jjSl (jAjVI jjtf. jl J" »-' \ » ^ (p> (p> *L • Jjjj 

■ J »ln Y 0 Jj-o _>j^l LAj^c. V I LoLu J n’l-k ll i j*j Jxjji® ^ 

t'vj lj tiHj > ^vj l j i*v If d i . ..\ll i l1 ^ jX&j — ^j j^ la ^iaLuiu ^aJlII f,A-A jilj 

.AjjjS 1 fJj 


^i*ay» JjI niiii 


t jl i j_laj| u-i^-ftlf (\A^*A < Llxu ^ 4- fl T h 

d 'hi « J I^jq j | d a i ■ ^.f! ft i (N^-A-NAoY) Antoine Henry Becquerel 
^LjLluVI JaL-utiiL 6^bLJall * a ■ nj .&^j__a_LxAi_o ^ d t L c.1 * ■»! -» u 

^-o jjjjlII ^Ja<uiljj f ^ I 6j-^j ^ * * *f ^ I f I ^ujsjIj . radioactivity 


li* ol$ *£-*" ^1 ^ J^-° jjLaJU j,i 

naj Sjl^aJi (jilt » ilit )i*KaTi dJjjJJ ^jV J t ^[juiti\ 


^j^Li ^xll jj_«-oI.I dlj roLL jixo-o dlU-A ,jL£ SjxJI Lo jjli* .5 j -a*i *.<i o 
<J ^ 9 — jjl <L-flUaJL ^ a i nj oLL-U .U.l-^JI jJ <*tl,l J j_A t i/tl .(2^-aJI tiUj (j-fi L*_fl^Lo 

J") nuclear energy 


p < l,n«rt 4 ifl^ clklai t j 4jtuu 6jj jji t .V. t jjb p, jij 

*Jij JjLSj - il Kfl'n SjUI (j-a 4 jjLc. <iui Lf & oljjJI (jjo l.trk JjIS JAt jlSj tSjljjJI 

(J-Icj •‘ijj-PJI J-ttJC- J)-a *LLyJaJI (J^Lk. <jjpJI iSLkll 1_fll iti~^l 1 Hill 

«<-uG |J^ Lplj ~Ji I oljjll (J£ O < <ijJ XI CuL^ jil < fjjl (j-o ^i>jll 

^fic- jVl - Utt-J SjIjjJI (^1 t_iLS jj_5 .u jjlil 

.Ija. JjjJa 
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(jl Ju j> hj\ n Jjxu Jjjj jojVl )jl Ciji if I oLI i ii ~k iili <illlj] <aauj 

Jal i till I J-» ■ » ,<^uall jj Lfl V qLjI m> ju a itill jj Cul£ 

<Liixll Sj• ■ /«ilI SLiaJI oljifl joij jSLu) )lal <*iilii AjJjuOj jajVl OJjJ ^yC. I» jjuVI 

. AJajjJI oViUla ^Jc. 


jiujwII <LiLL jXiai jJb j-~ l«~N julj L ;| j|l 4jllaJI .t5 8 < LajI Jlj^j 

ijuuJI jIa (^JLaJI I jI j>a i ^ i tn jmajIJI otK Luj <<ilaJI alt 

Jj n . ATi Jjjll ol,jAij I.a Aj I ijSi-oJJ i 1( 1 n l yi Jaj&ia j-lij ^1 Ijloj Jjl jjJ 

c 1 ^ t^xjll til* til I jj <lut jt iii.j ^ iU» \ t(_£ I i ti <1 1 <jljj £-oj 

JLaJLI fUocV ‘ la-^- ^ oi.' 5 Lj-il (jJc. jtijVl (j-i j j^a .. il l Ja ~i -> 1 1 Jjjs 4 t a i « a-» I 


. ^J»jLuOjlj j»4jL^laj IjaJAj ^^1 b 

j_&aJ ^j"l * a *1 Ii inj pi, nU.II i t iVI Jal iti ill SjJsLb C' Q il 5 ij^oVl £Jfl Ij ^_aj 

•(Ja8 Jja L^Li-e Jjli j^l (£I (j-B Ji Aa l frjJ^OJ ,jAjVl 


Ernest Rutherford jy_ijj o mtjl ^^-jLjj _* ■ * H < N^* £ <!« 

I 'KiTij J1-1 T ~1 2* .7.1 I oljjll J)ja S itu a Lcljjl O* ( ^ — NAYN J jJjll ^jjkLj^jjJI 

jac jjj I jj ,j£lj «4 j(-3jaa jAX. 4 h-J IJ& (jlnitui) JI-%.~>~! aS Ajj lijjLj CiVjjlu 

JdJdi ^»ft LI * L.•„-....11 \f IJttl I o XAii <Lujaj> juu oljjll |jo I Oil j_>l^ 

. first-order reaction <tj Jjl 


a «t * « 4-iltj 6jjii J *\ oljjll >UX i itu»i (j UiTnj) il Kt i j < 1 I) ^ JxLtia ^ij 

< oljn «iII j» (_^jA.I (ju aic j jj j Lo i iuil < - Ka u j -ol jn ni l j« 

lilt ^yJc. Jjj_ijjj Jlkl . I jSLtj ol j'f <il I (_jj-Al ,ju a-*j ^ . a i*ij L» i i *Ka~ij j 

A jif i a. ^i*i 2 m .t.l | q I jj] | JShlj . half-ilfe jail I i jtai (ij 11 ) ^ J *»jl I ajjil I 

. Iita. jjjSII (_jJJ Ijia. jj*iaJI Jja ijjaI.1 


j&ji jkjjjlj^Jli I 4 jcIxuiVI <jLx 4i 1 1 ti u 'i^ i j unif . J^l jA ^jijI 1 t -JI jm*j j 

jxklllj . XTo- ^jjjlj^Jlj XVA- jkjjilj^liiaaJJI ,ji (j)J>xkl ji) CjSUJ-^* 
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LLj .aImu *-l« V*« j ^Llll j_iia_iilj 4J-UU ^^jJq £ o * * j a c 1 ^ (JjVJ 

^L» 1 »«^ai Lu^jA c I^JtJ ££jLuU *L l «n Jj^-lLo t—fiJVl jjl *Jj>Tllf jtJ -ustl <Afi 

YYo— ^jdox -^*» jij I^aj £ , o ^jLuu YYA— ^jujIj^jII j <uf *^> i 

* 

.1 ^jbj * ,V^L^ 

^ Jaii 6Aa.lj 6 jj^a ‘ ^ j_u<ai£. >A 

.ijjhj \r,\ ^jLuaJ jaC * <J Jjlj <YYY— ft ijfi olI 

BetramjjyJlJ>j u^jJ^ f *-A^f is^ *1+*^ ^ 4 -*“* &*J 

fj u I jj jll cjljj jl jj-a j *j_j_jkVI itolJL (\‘\XV-\ AV.) Borden Boltwood 

U > )$ J-1 <^j_a.l j .i<aLjjti Cii^J ^xaaj ( LfijUaxiul) I fLjjI Jlj 

ijSl ... « jjUaj 5 it-^ u& u 0-IiTi (jl j'flj * j-A Jj-o 5Jj^L> < L .ixi n i JiLa. jlajLxnTi 

«Y • 1 - ^Luaj J iiLjUl ^ YV A— ^ 

t jJ] iiLfill ^yi YVY- <Y. V- ,_^aL-oj tJ JI iil^lll ^ J>aJjj YV0— 

• Y • A-^L-oj 

t \ < K*V <iui ^_A Boltwood Jju^i jLif r£_uLjj| 6j^vaj <U 1 aJlN 6jJb jJlSjGJL^ 

JI3J9 jJiVI j'jJc jl ~~j "fc 1 r\ ja c. .A 1,t -h*i ^jfl 6JUA jUajLAuVI ^lj=^.*inil 4 j| ^J| 

< I ft-S L_A.fi Jjjjia ^ 1 fl " 1 J fi flj jiJ j I ^^.iaJI I fcfl JJa I SjJLfiJl 

fe^Jufij/ Iia 1 ^2)/ i^jJU ^ \ Ivi x.u l ((jULo jAi *0 ^fl Y * 1 — YYA— ^9_ulj^iil 

J^La. Jj-o < YYA— ^ojljt^all ->lJ Y • *\— ^^oLua^II LaJl^I I <-ijys^ll 

-(f!A“*J^O J**- *■ 

(JllA ,‘i 1 &J j-ii 0jlj jJb ^yzLuZjll ijajl , ic.JjL iJljjkj 

</< dll ij 8 <dllj £-°J -4jIJ jJI jLs j ^ i^tll ^yj lj^a.^a ^ | _^aLua^lf ) <aa (jA» ill 
£J>J t Ijjl L$J jjjSj i I J-aj-aJ.1 ^yaj iJ^UaVI ^yic Vj jkjjiljjj ^yjfc <^>L=^ V „ 

•joLoj IfJ Jajj jll dllj 

^ ^ t H iill ^yA 1 j^Luajll i'i j ^n «< > Lf.\j ^fn ml <Lfl -J y la dlLifJ ■ U-^.11 J ■ ■■ Oj 
«j_j_i,Vl j J k JI <|>.jjjj_JIj ^j_uIjj_JI ^ya Lj \ » 4 j}Ij jj^ii-jj 1 Jjlkj 
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jjL£ X. £— jJoil l !_yo Lhaj tlyj^ ij-° lxJ^“ ^ X* £— 

.LIjJI 61 tti> Jjla C>^ 4jj-® I 

J 1 *> tr> l | ^>« jSj jj jjjJ! Citiuc. ^ < I I J r jjS (^Jej 

lilljJj X* £ ,— joLiajll ,jjtt c>ljj X JU X*X— jaLdjII Jjjo ijj £V Lulj 

Vjl J l-fc > Jjl i.rtj a <^- "w ^ ^j-»jlj L j-iI! ,jj=> J£ j_o*j Ijj <i_ia^lu1I 

J< /i -k - i Jjl jj| l ot I hi «£V/T 4 J <1^11 A j-A CujJ-a Ijli . X • 1— ^jjoLkOjII 

Jjjs 4 i <-ilj -jfct-ul jt -JI Uj,' i/in A -7-‘»l K ^lll X • X— 'j^. l ./\ jll < .»< 

.jkjjjlj^jJI jl UjTitl ^ya <=kjlj OjI^ 4_lo^1 I bXA ^yo jjSl Aj_jik_jj> X • X— I ■ ykj 11 
j » ~k ia!I iTim lift .(JL=JI jVl j- tc JaJLi ■“■Ijl »" -kV * t>° ^ 

jl.fl I/1»I Ljj ^ill jo noil ilLt Aj 11^ CjI in^ ( jic. f^y ~k" 

Lajjj < ^i| ■> n-»ll ^jjLSjjJI Jo 1 1 Mil l j ([ ii-t_i La Luljj . .La -vl jj 4 * a-^ 

^i J ? i » a C>» <o . * il jJj . L ye>Ji\ jLJjlj J)Lo JaLuuIl oljd <3° (Jill 

J)ja *Cj^LJ! iJ-fc <4 -j! jV I jl 4^11 <JjUL» ni^il jl jl Oflj ^A jj 

nVi*ll uj^l mj t b n^k lirt iin ^.j-ulj^oJI ^1 l£^ll 

.i-uLrf-* t** ^J| V Ln.i ifc * I oljII 4 flhA. *. 

J)! Jj^U i.lVn^ <jA*^a jji ^jojIj^jJI 6Jj1o <aouj ^Slj 

Ajl tJ illjVI jl 4 -J_jJlHJI jl jl a*T%\i I Ja-Aj |Jj) flj ijfllfl _i> j_LC j-"V, *a1I I 1a 
j-LC i^>ll <1^LL ^JJo ^lUl j-ajjl Jftfl.fl JJ > ^1 C_^ll ^ «U*I . A.i . « *. ..tl tlDHj .iL^Ja 

-ij-ljVl jaC. <_ak^J_k J2| JJ IjJbj < ^JaIaa 

> c>° ~ ^ jL^I u^-all ijj* <3*-^ * ^ cH* LT^J 

11a (3^3 »4 "mg JjJ) > l |lfl ^—aI| jx ijjj Uj a r ^1 l jii^i 3^-^ — joL 

ftjaf ^1 i Ji l‘n^a> ujl ji bjjhjda A nil i fl j ^ ui ^JJl jlS <^JjLlll 

.<1uj Y , ,V**,***,***^| <<lu4 3 uh 1* dll V, V 
(3* Lad jjSi Lojji * 3^ fta Vj jaxII 11a J*>»j ^Jj 

a aJI 11 a 4 I *U ^1 j i, ft ^L» Cilli j^^ua 4,a lift X&p V Luj 3^1? <^aaII 11a 
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d la In 1 1 Jjtc, jjA. .^ll f |jj I «. a Jyijll Jjil Jjljoinwl L$j ^a iiAanli ‘LflJjia dlllA (Jjb 

(^(undisturbed Jjjilll jl 


AjmaAll Afr^a^alt £x3& 


j-oaJI 4jJ Lu jjjj&II Jj Ui^kj ..I* ijuj fl 11 t_ 1 1 ~i£lLi P Lrp LX l« «" 

Lajj .<iui *V* • • Jan I 4 » _»n -% Cu>i» j»J-a»jJlj < j ho .i m Hj 

^aI ^q_jlM Ji t Kl Lu5Lol IjU t jj-fl 4-K (3] 

•ijajii jjOC ^Jc. 4lo tjmVi jjl 1 1 Ai l 1. 11 ^ 


tj£>jl*\ jLa tbjj^jualL ^juJ S Jj^ll jjJI 6JaIj Sj-fl 4-K II J^-la J-* 

^yUAjLuU |^jLuJ|LjO jkjLuX J}Lafc ^Jlfc O a lT ill J)dO Cuj^i jV! J)l <(JlxU J u t u 

6jX. jld 6 Jjjxj_o ^yi A 1 -tJ 1 O-jl^ .Inj % Lo IjJb JjLS £-° 

j Lj <JJj ^-dUJI dii yij .j^jVl 1 —hi n ji J±j (j< \i .ill ^jb i-iVi 

.^ol^Lo Ckflj Qt * n't JJ <|JSVl ^Jc * 4flh"kl I ««j£Ij£II 


Pierre ^ jj« j*» jjuj ^«NV^o 4 Ia_u <j| s±* 

a3 1^-ti Leu I 4 JS ?jinfti 7 .H 4 r.ja^ll j| (\AYY-\V£^) Simon de Laplace 

4jbJ^ (^V 0 ) ^®kula 11 ^n.i ijj jliJIj jlxill d a Ap 4 xaIjJ d it -v iia q! itu 

.(JjU^u ^ixu 4-ilxiV 

Lfjf jjJ ^JjJl.a jljjl I (j ir^ili*i clxilj * L^LujLx * * v~^ (JjtAi 4 .( -v , xall . r ^tK Jjjj 

law of conservation of angular momentum. ^( 3 ! I J<x-ai ^Ul Uuj 

4 a 1 At ttiljjU 6jji/t 1 <Xjmi I fl ««‘ fl * ^l^jx LIxlJI OjIj pLjI^III 

5 it-«-<a Ci^JJ L^IjIpJ XaA. ajUI ja IfjjLaSkLi <iki .-•KKi ■*-..-p « Luljlu<l l%ltul 

• (j na i f ill ji 4jl *v 1 n il La ^tJunl jl ^Jl Cfl^aj C)l^a IjA ) | -■ 


ion ^ ^ V undisturbed t>Jajyi UKJI jali*£ <Eiiii ji ^iyi ^ (*) 

jAI) Jjlioyi jjl ^iiill cu »iil |ju Le uLoli ijlmJI 
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* * 

6jjb Cil'A IjLfi .JUAlCi Jf^Ja ILuLw ^-AA.\-i-nll 

jlj < jkJ^VI jj-A ^uA.ijJI lj,t .\ I jl ^Ju-uj jjj <4 i 

JJ-lAj Lfljlj i^uAlJIj ^UAi Tj I ^jO Cujifl I I **> ^ &L*jujJI IjjQt jXo^iVl <1 

j-ox. j.nall Jju *cllj £_c «<]U1 a j_A ^ja . Ij-ox. ^JLlaI 

•4j^jVl I^AA o\j& ^III <SLJI ^>uAj < j-0 J4 ja£ 1I ^jl J-oaaj l.iaa. I 

L$J '_&lj£]l jjl (jA-JJ ,A Afl .<JLXXJUuU aiJI hfll ^ \ ( dlj 

^ (0*111 jL^. ol .jl^l c5>L-il js > ^1) a^J&^/M 

OJ*£i __*(* . < -l q I ~>11 4 j aX ^yn '/\ Jill I til I JOU L-OJ |<| III a «till <XJ ft. ■%■!1 

| t y ajg^jJ^l d t t H 1 I jll d^tj^LJI , yfl 1 6|jU|l J ^ . -. LftL». A I l^ lj^ll 

S*Li*ljll <S*aJI <->aS (JS ^ nVi ^jl I Uiji'i 6jjd u“»tl pl.ftl-JI 6d^J jjS-ol 

Thomas (jJj aaotii jdjj_ii (juLo^ji ^^jj-aVI Lj-^I ii_jj-i.»JI Id^Jj 

j,1 ^jlil jaa .Cjjbi S\^- • ii-u. ^ (N^YA-^IY') Chrowder Chamberlin 

,> n Vlll iLS <-ujLa. jJjLj ^dlj < J) l I nil jj-uolil u& j u g » t i l l j*o >_>^Ltl jJal I a ^i 

l~ * ->■ ^ *J **- ■ I <L5j_oll SjLLI ."■ ‘ ■ ■■ *»^Ij . I A 0, iK ^ya SdLLI jjjjoj ^J| C, 

t jjljjdil Qd^.1 j <ji.V I Libd-aAj Cjja Iodic, ■s-ill <_ujLa. I_id& ^yt <JLIa JjjJa 

.^jiall jjjLjJI Id-A <Juqlji 4jjljil I (^j| CijSjJJ 


•jjuOI 0»id u&ljSlt j£l £jl JOdaul i&jltfAjSa i (>tj 

jj^>l JjB ^jLtdll «11 jjl jaC iOuLu <Ljkj]l tjd oJJa i4iu jM^ll 4jlj-lfj 

uL ^^iii jl CujLall i_id_aj J^Lu )Li < I |jlc <_JaoII j£u V Cildf*^d> jillA j)l 
. i_aiil j« Ijii I o ■ “^i jjl da5Lu Vj iSi.ii>j oLal ■ » » ^J| L^lL^jj a i^«j Vj 

« \ ^ • - 4iui Jdi >j jl^ Lu <jj m juaull jl>L ijl-£ <cllj ^1| 4iLboVL 

JaAS dJ n Ti |Ouaj ^Tt,^ J )yil j>l ^juaAM j>-A Ji id > 6dL« <Ll jjlj 

.1. jli ij^oa jji f Laoasll 
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JjLS (jjllVl jLc «N W t <l«i u& <4jLfj|l u&j 

<_sjc S^Iill iil£ ~_. t ...N d. .a ^ (-\^\Y) Carl Friedrich von Weizsacfcer 

,jc V <-*>£ Lko 

^uuj jiukulf (jl j ^1 --j ‘ » ^udjlj .4—uljJ CiljLuj CiLal^i OajUJI f Ij^VI 
lu^J <luu)Lj d i *.l S mai Lu^ij CujSj I j K <J-U1A -ill ic^aJll - v_£lj£II 

iic juAiitl jlj < I Vlxo jnftitill jl jVl ^U^ll i4jjljll 4$^11 

ijjljll <A-oS JL ^Jc JoJU j! ^ *iijk i JLaJll Ij^J j^al^ o m il ^ 

•^USIIJJ 


jttlj Cu^i LfK CuiLAxull 4-fcj^a I jl |^A CLu LilL^ jJLwj 

(J list'll jj^ * ■ ^ '■ ‘«‘“M Ij^Jj lljln* t uijAM l^lft f jii ^1 J-4C. jlj rCil^ll 

1 Sibli jttAj ^JLlLI JxLli^ ^Jc < ia ^aAll »/l 


% irt 1 i n <j-^flll ^11 fLajII jl jj ^ 4 i lii ^ 

(j|jd&£ ^Aijj j-a-ill oLaA JjX jAiil Irt jl dAj JAj *(_>AjVl jjlJ j-»JI 

^jSi 4*ijjjjlo ciir i.,iiii*i (4iui ( jjoL oli 1 v x ^J| 

•<j*»jV I jdo—< ajUia.1 

•(J“J^ Jll Ij^fc ^tilj LajI j it -k i/ill tji < Jljj Vj 


— 4 im miill Itju ^l I 6< mii jC 4_iiLakll jkill tlij — ■ Xlj^ll 

ji Q« «ad LAjjJlj U hi til I tlij t LUaii --~ »■«... II jlcj jl i r ^ jJu 

* j j . ffi l f ICiLul oj$£ij . JLi_aj jL-_i>y_a.j ^|Q\ ^Jl j_aS| q! jhij 6j(j «/-! 
j* 1J >1 ill jalliVl CiiKik^IjSJI jjSi iilfj .jalljVl ^klj^Vl 6ji O tilijlj 
^ ‘I** 1 -"‘*1 * *j■»*11 6Ji jV <‘ ^I j^l I kj ■" a I i j a*i ■“■** *-v I I ^*i| 4ajjl I~w i Al | 

. ^liiVl t 5L»l 


jtja—i yJt JaJu jiul Jljji 'll CiltjJ OlJul ^lll SjxaVl ^ 1^-a.V I ■*•*1^ 

< sj ~' AJ ^-*-^ jL*3Vl £i>llj JjLLc gcJuq ^Jc <^Ij .jjkill 
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JLS 1 16L.i-JIj a LLIj t Ij-^J I jI j \C iuLbjj VI Ja 111 ^Jc _y^ 
. iJjLlj CiLi^jlo Jjt 4 UI jljVl ,_y-ij> i IjC. La l« *»—■ I *1 *v « 


<tlaifl ^Jc (J-aC. jl _j-aill jJajjij ajjj*sll ^.l^a.Vl jvl.Ua./al jj| j>a JjlS Sij 

ol>a jl ij-a ^ _>alll I jtJkidl (>> sj>a. JS o2$-e JSjiu jlj jfaaa LaJjJ 
i-LM I a.'lf. Vj J l i n ^Jj l t imi LjJL a Jla JlA j-o-all 1*»i n ^yji J3\ ftljl Laj 

c_flVl OlijI ila Lb jla oiijJ J_fl ‘ M flll <l±l aC jl ^cjuaI^ 11 ^-aj -ja_a!I 

*? c_0 dill 4-ilaC. Lg-ifl Cijaai nl 6dll Jj-L La t jjjj .4 ojlij 

I flKj .^jQ-ftll ^Jt.».*al Jljj V ^aJI ^Ij-^aVl J \l~J\ ^-A Ajlj^l ^,atiu Lb 

<xy a ^ aII ^kLVl ^_A <j£| ^j^LajSLI <jX^ JLbJ^J J\S j at <r>l ^k^aJI 

» <lkk ^kdc. Ad-A olUo LoJ£j f<jjLUAJuJI 

£_jo— LAjLiH^V Sj, i* ts> tl f I^Vl AdA ^Jj J^^b^JI D A imilL fj^-uull £ja ^uJj 
^jjb J iVij LL_^I ui^LJI *u jjjJI < -i^.-itill JL^ . >loJj c i n * nl 

A'& n\ «±ii ?k i <_a 1 , *^jA 1 I Jjjb <-a.jd L 4 IB ^jAa-ullj ■O* J^l Lf*I v* ^ JJ1 * 1 

all .*~*«1 Jj| ^ ia .illjLd tj^ ia (jAjVl ofljUJI jlxLa.1 

.<Gxyljjj 


jjkil till I ^cLluiVI jl Ui.hVI ^.j*i~u Jj Lilli j at ,1j,.1_ 

^JJ » a rhenium j _iuj j _>k'.j .strontium ^Jj 


(^ooe 


. Ij^kj <^lj£LlI ^1 > itiVI 1, i. 1 all inn jilj 11 i*i jij. lr» (j— 16 osmium |^ujjl 

# * 

i , £ (jo La Qjljli JjLiitl jlSj <Lij_)2j 4 vj'i'JI ^jj ytaalI plw I jjj 

. 4 l*q (jjjjLa uill l.'Vj 


•ill Cuj^j jajVI 1 Laj 11 K 4 j . •■ a. .till ttj all I jl ijjl < CajjJlj 

5j—a JI^Lj j)-»jll I j-* j>aj .Llau £ (_jl — <!**( , j« - J « oil I £ - 

jjil r lj^.Vl <ku(I^J jaLiiVl jj ijjJ JIlA (jld i<lu( 0 ••,*•*,•• • ^Jlj^ 
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^ « « -- <lu jJc. Jujj La jlaj . Lxa_»jdJ 

^^8 4 t».. ..»ll Xl . ill LJLa. . I j.u n'l <jjLh jjojVI I jjfl Lu 4. I I lift Mill 4g^,ft,7fcl I 

4-jIj T r 0*-, ***,*** *XiJ& jjijV I ^j-lc Ojjiaj J-S J-» LpLjk 6 jjj 

ljj| SLi^If juj jjJil <<jjl^il <iw (j^ll (jrU ^ya 

. Jj.W Jjjb I J_»j ^jt Ijjl jinaAi c^ujllll dUj jIa 


Jjjo ja r <jjOj pl—alxll J.Lq < <jLqjII ch° (Lg-*>-® cU > f 

jJ_Sj £jLjj — 4jj-u t 9 *\+ • t • ^Jj L-flVl 4 "i i nil jjujil I ■ »^<H C) ^* * 1 * 

• 6^0 VI • , • • • 
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Ulijl» <01 itiMh U)»*t ^*j Cm.1-^ jOI ijhJiII u(3£II ^L^UI (^J 

j^ieuJI Ijij (<j1 jaI V] Ji jij] «(<itU.J ^J4 foe L») uJml jkUJI J£ ^. « J j l 

<4ijill ^jl >rtlI jj LumI jjlfflii^l OJMI ■ fJUj (A-l jj^il <J J«*I ill 6JUi9k olju 

(fh»j^ll) - l v,h ^*II > <j«j51I 

^ilVlJ j"«cUtf l| ^ ■ ^1 ^Jci ■*•** • ■• ^iLL <j >< ij <!>*>!» a 1^ *~M*) 

|^.j^lj .4^lilJI jtl jj ll JiUu ^jtl jUajill ifaftj jt<rt7i .(j^UIl JjI 4jitijl 

l> *+■*> <j'j*** ( r ) 

l^j J«ju yj|l <JL>1I j“*» Jaju aJj., \jll CiLUjJI jU UajIjoa i.Liift jl Ijjui :4^«LL>I>V! 

Merriam Webster's Colegiate oi j±-*z MJ£ J jL>"«/ <-*m ,*-!*:.^L^Jr 

. Dictonary,TENTH EDITION 

J ‘* jN JjULi ijaUII j Ll.tll <_uAla^il Cutljjll ^Jl *Jj/l <Jjl£ll Ojtu (o) 

^ JU jjjJUll djjtfl ja oLuJuuuiJI ^Ijl ^ <Jj(5fcll 4jjki CiU.miI iij * j.<*l iJ I 

The Cam- \vnr (-\Uo) jL^ m^ S (>>Lau>jLa»*—-aj pj* 

bridge Paperback Encyclopedia. 
il^xVl y gl£ I ■ini ik^ill UiIImVI Ijm ftUUJI jjjSII JLJ 
Jl *1 a ^L.' -■•“ ^1) .jkVIj^uJI (j£-> <Lk iJ J-^.1 JliA C. U S <ii l .Jb ua j 

«^itjA.Vl «lLfc klllj ^j»j . lulac Ijiiu lll»l ji Lafjf jjuu cjiwl jl IS.U jl jjt 6 La/I 

^juLil bjti^JI «L> LS ^JLaJI ^ic jLjl» JUa jjujj. oajjIj 

(jJ^II) -J^UI J^iCICJI LiJVl 

-J Jj*J (jjtoail ^ liAli iJjL V Cimj lj gL (V) 

,<jj{ j£kil tLi(jjj(L CLu^ljji ^jIj j**JI (A) 

-(<£jL«IL) oLje^l ^ JiP s Jh^ c** ifeAf* i£j** ub^* {*) 

jju Lui l|'tf jj}II .SjUI lfi« jyS5 LjjC ajjlu oIjaj oljjll (!•) 

(*JI$1I) 11a 

^yalifl jc <ajL L 'tjlj»<i^ CiVUliVt jl o)kl£il jc jr^ij ^01 <StUI <2lLII (W) 

(t+jiM) .mil 

<t^Jl ^ jljjjll JP-* J)* «jlji ^Itil j>*aAll Wj*i J*«L. ^A <&>*H ^ (^) 

cliAji Lj *^Ui ^JU| <La J^&JI jlj>l Jjju yjll Li I I)a J>* yjll 

LmjI^I • »t>>iill .LilOl i ji jLjIj 
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j “■ f jmuoL^I J «n j H 


CHPI J-* 


jxuaII 

■*■ * ■• *1 *H ^ .■*!! <£^ull jnC. jj> jjjLuJI Jualll u& tlxulL La 

. (‘Uja. jjJj ,^lll <j£Ij£ ( ^‘"‘til l ^A ) jjjSlI Jaia-a ^ <LSj Jja*a V] 

i_ill t , A <li /,^ll jar Ji $ j na tail I j a f. jiili LfJ (jjill j a C Ji 

V 4xui 

l^a^a jjlSa (|iifll jl Lu&tl J^iall i d i g ^aVl j)l JijJI 6 nm'» Lu 
<_*£lj£JI j)-a 11 11*1 fj j na t i ll I j[j <£/_iuJI ijobLa i_*Vl A)a,« jjX JJ-C. Jljt 
(Orion ncbutadjjaJI 4 ■» ^ii • dlj Ij^L^. jl^il cnnJ 

OuV tLa 6j^a JgLwjlL (JjS jjVI Jljj V # Jtill Ji lin 

Ijlalit (<lui jjjjia will 1 ,"V jio jil jljj jVI i(x| jtj Ijli .tjiij ^)aj jja 

9<txidU j^tL i_ftll n jli j»i ^aj Jj jjSj V 

jjiij l*i i^ai i., «i^ Ijl itlXrt <Tl hi a jijVl j»f .1i>liT>~l jl£ Jil 

• La Ja ^i| CjU^iil Jauul j»«i ,*n$ll j«»i < JU 4jI ^Jtj 

^L )* ill |uAji L a j i t (SALT 4 im jjj£JI J « f, J ij aj ^Jl Jti. 4 ntl (Laj 

( \AoV - \A. V ) Christian Johann Doppler uUj?- oL^-ujjS 

4 *t» « U Jjaal^ll ylj LjuiiIL tjjuaa .lal i» L<j CiJa jaia‘ 1‘1 C^all jl 

■ Jialjtl ^11 4 umlL tjJiaa ujJU lajifc 
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£&lj-U lifljlt J . C^ irtl l jvjJj I m i\r- 6JA j‘ '“** |J^ (^AJ 

C(jju9 <liL iLjUl iujpuail Cila>jdtllj ij^lal iijjjuaj CiUjil JJ«S iZ^all jj irta 

oUkjil li« lAVi jiUall ujaL Ljjcj ijj 11 rtil I 3 ■‘■j • I Cila-jll jc I j|S£| 

. ^ jjli I JJk i_SjJUj <jduaS| <jl mo ^11 

(SAW — \A\^| Armand H.L. Fizeau _a. jjLajl ^■ ni^ill ^unjl 

.^ajn SjJllb LAjI j i~i n j njiuall ^ jJui ajJkllall tjA jl <\A1A <iui 

<n^ll ^11 4 > i*g ill ijiuall j i»u J-i-oljJI jc jXuaJLI (jL£ Ijlj 

jjnnill ia.ji.1 ^11 jJiL ujlli ^^11 j,lirtl I Ij^j i p l_j_apaJI iL^lnll 

Ja^loaJI iijlLu jxijll Ij-A ^iTi ^ilaimj pjJtl (jl ^]J t y il jLiilj . d.«. ...n‘..ll 

.Cull jJiaa jji JjLu pL jkaiL djnli jJiha t jj]n 


i YA”\^ <xui uij £-a Ja*j jjl ^ijni jljul ill £j» JjUU jJLjJ Jjl (jK Uj 

dljjb jl ^\\\ • — \AYi) William Huggins C/^* jkLJjj ^ i*H ^u^jl 

,<_uLn_JI ^^Lull jaiaJi ■ « »i~ Jojlna. Sjji <n CmK jjl_) <unlj pIj a Tk injaj 


. lit iuLull I iff ^ill jmiil ^Ualuil > talf 6i^ij 


^l^li l^trt jnl til <jl <jLj^UII 6i|J ^J^jl fjA JUUjJI jilll Jlj ilAij 

J-iAi CilfijAiij liA. ^ *• k * Ciicjjui (jU La CiLft^iu i^-u 

.iJlj jsk .j J\ ^ n • • <^ 1 ] 


uil ilnl i jJill juLi CiLj^mjIllI Ctmi^ L o J if 

(j^j-nVl jjb dlji jkj.il ij-a Jjl <jl£j . l|.t a k J^>laa. 4 -uJjJj (£jakV f Cifj^JI 

■ «•**<< ,NMY ilui (\^"\^ — NAVo) Vesto Melvin Slipher jAiu< ,jiL» jjuuai 

jdd^L^ Y • • 4^jaai ^ 11 ii a All 4^j.aa 11 ja lj^jpLi 4Lnlml I nl^iLI I j a a jl 

jSu |J ^jll C^ll jd lilijjj ^jjaVi Cil jjJI a jljtil y«jjki ^adu tiitj Jftjj ,<^aUall 
lie ^palju ^jul Ijc La CiljaJU tji (jl 4 i ii i /l jl ia. |l ,|cil^ndi lf-j| I day JLa 


. ^>11 Cilt/ui ja tjaaiiii 1 Cj it- j«wl 
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(\^oV — SAM) Edwin Powell Hubble Ju jypl (jtjSWI £eJI J»fl iij 

I. (NWY -\AM) Milton La Salle Humason JLu. V 

I ^.Kfl nilJj ^ic. .£^.ljii Lgil jij > lmm l (jjJj Ijaj5 Cif^&JLI i & l j t i | <uiljj 

. £_yuul inV JjuI Cif j&II CiilS. 

< N ^Y^ <imj jjij .ol^l ftift jLjliI jjJ-Sj t jic. < ~ir I U~t i,ill jJ-5 JjA Jaej 
jjl - Hubble's law JjA f j^ iLfta tLuil La jixJ 4 iMTi ja 4 -A-jJI (ja <ajj 
Lie. i« i" (|^ 6_yaJJ C*i(£ Ijl <jal ^liaij . lie. a^&JLI Jju ^a 1 1 ‘ “Lii t £^.ljill JiAa 
JLaal lie oil^ (l) i^aili jj| < lie. ^i—ijaJ.1 Jjlj Jlaal < < n a .a . 

Oe ■ i.».<l l J a-.J LoK ) £jUJI ^Jl lilii LJ& . Jlj <> jlSVlj .Lej_aJI 

^a wiVVI qI^.mi r.j lJV] Jaej Cilejau « n i Cul£ < | Ctlj^a 

.<Lilall di Ijiaj Ij^l I 

yjiVI Cilj&ll ^.j-U (jlS Lrtl> I *n iti liijayu jl JaV 4il cu^ail <ja Ijjj 

^jilj Cil_/=ki.l <ja I. til I Vi Jj^l IjJU jjSVI Cil^ell Jlau) JTjliJI jm 

, lia <iilc <J /j £-i pj 4iU ijiJ-a, > la Jjl^ laLfl < laj)() fta i_iiiiiII jSj c^aVI 

Jeiai i=ilj&JU JS jjlj r . Mail JjjSlI <jl ^^A JLaJI Lgatl liL-ajj ^ill <'V_i~i~» llj 
I d » £-a 4^iill aln Cilej ai a Ojja Cil^elli (JjLilljj^ . j^jeVI jt Ijblj-aul 
uaullj . I j .A« . ja J «i it ^^ill ^jft Cilfjaill |4 it.lliH uJa iIiiiiIjj jn< >M 
, ^<xl^ll liil^aa icjaxa j>a pja. lap I s $A lia jjl_jiji <jGjjp |[|lijaa dliA jjl ji 

n_}L». Olj ft j -% a <j| ^ku jjie i .ftft i liS jll < illijt 4 i j ~i\j 

ijl^ «IjJj Cul^ I aKj i^al^ii Ip I jXu Ijjj i a ^jIa Ciljil I Cilej n *1 a 

. (^a.Vl olj&Jll jt IHj&a 4j juli jala. «*)liA (jnjlft juil l^e^lji 

juVi \J a .. ■ ■■* II Lilall 4j^taiil s jA 4j I Ja ,j»SII J Jai ij^i J» **■ ^Jl p^juutlj 
cTuiij N^N*\ <iaai Sjj> JjV Lfaj-S ^III, Einstein's General Theory of Relativity 

. JAaill loA i£»paJ 
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. Jj^ll <Lulu^II J Jail I Jj£ll 111 La jH^j-uj 

4 I i tlj . Jj^llj LI.K I Aifl (P IjjJJ J*jjLi L^jl 

fi 

^JJLt LK HI mil jljjjj JJ au Jj^II jlf£ IjLi .pljijil ^jLoIum *l‘ a Jajj^u ^La.jl 
'pl jj ll JajJl jH 1 aK I i.uoCta jlf£ J-i ^Ifl < j- a JJI 


s&l jljall nVl jl^oVL Jl Jilu Jl I* *■ a t Jjjttjll I * «*• * La jkULj 

6 J-al JLta I aj.o JJ_alll u3fl£* J^La* Jo *jj V I\alr jUA ^_H <j| ■*«»'■*• cjl^all 13 a ^Jc. 
^11 f^yt a t Ati — A jJ.tt.t Jjfkll ^)7ia^jI La IjLfl .^_ 2 bl p^3u-J ^LLo^jVI Lai 


Jajil j-fl-Ma jlc, Ha JjSLi ~hll Ha Jc, Jrtiu Jl A \^a t Vj 


. j$£ll Lbalc. Ijj Jill iHaJII t zero-time 


^A^£) GeorgesLemste^^^^j^^c^j^j^ lih^i jii 

^ Jj^ll t jl >*-a>I ^ ^VV 4lt« Lr AA .<jjiL£ JiA jHi Jl Jjl2 


jfc.^^11 Hjt < ji* in ^JaijuAla — 4jIj^-o JS — 4lK cll^ J ><v ■ »«H 

if ^ ^ 

LjXa ^IjLa IjHjajI <xaji)l 63 a ^a* I 35j cosmic egg- 11 4 -uj£ L3j j *• .^M 


( jic }Llj 4afl.lill ‘Lta.jLaJI Cil^rJLI JIjj Vj La£ J_$£ll lJuj J| 4jI^a. Ja jl^ 

George Gamow jal^ ^j^ll . ^IjVl jL3VI 13a 2J3 

4— u^SJI A 4^a a .\ 11 jl A.fl il ^Jc. jiLl ( 6^ill 63 a Jjilj ^jll ( ^ ^A”\ — ^ \ • £ J 

. Jjljlll ^jLJu ^IL-^t I * the big bang * *U.*il jHiiVI ^xul 


jLuu I Jjj3uaJI JjjJI CjLft3lXJj| 4j I J-U .6 jSl&II 6 3a ^ I ftrfcll Jl AI 
LilLjwij <Tl_J31I ^jjblVi a q\S j-iV <jIoJI ^jt ^J| Gamow ^ ^j_aLa» 

6j^La-> Lta-Juij <a^yLI j >i<iS HI a *tij 4 uj ^Ul ^LjluiVI ^jLSj .l_Ll^^II 

<a^-a lj fin'll a jaj ^LauijVI jLi^ Jjjjj JJaLi 3^>l LaJ^J .<iaj_i_a 

^LluVI Jl 4^jjl 6jj)^JI Jaj <jal 3 -aAII J-a J^ill j i rt i mi JajJI 

<jla 13 j J| y,k m <Jtjl <% i Vtj . 43 laJI CiHhyLl Jj3 J-a Jj^i <ii 

.4jjLHa 6j» iAi CiLaLaIVI ^ m-% <^^11 ^Hduj Ja 4au a 
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ijjL all 6^^.Vl jL jJ pi jii *1jVI ^ 11 a j-oIa ^ki l 

radio idiill ^k uiILujI ojjJaj La ^Lcj-cu 4j£I - >i I ja ^Jc 

* \V\o 4 \ i ii ^ . *j * t « ^ <.Ajjj ^1 m aiiVI *i.xuj ^xJI astronomy 
oj—^ lsul 5 Arno Penzias LjL . I j-jjI LoA (j I j ^jj-a I gLul^u ■ 

<j| Lla^Vj t * 1 mN oLa^ll Ciii& ^LjljJSj| Robert Wilson , j 

6j-^d ^Lx J^aaj |ju!Uill ny Jifl (jtjjLllI lillj jlaj .CiULajVI ja ^jLi 

* ^ilaxil jU^VI 

Lljj j.* jLx&jVI (aj>VI IjLfl ^jh«tl jIaxjVI |^lo i^b JIjmJIj 

.^jj^ll j a<> JjC 4jl^VI Jaj ■ fl j• “ A 


4luf *\o 
4La *\ 0 


Jl JUWf*' J- 


f . A JJ|j_U | 


4iiA 10 • * • • * jljJLu Ik, ,.1*1 n Aj y n ^jju li^J <6 J i»i L^jI <Luj-lA1I 

j^jjl ja .<_kiLill jJLajlj^ \ * * * Jjjuj ^Ijli CuL£ Lpl ^a i*i i (4 -u^la 

SLoLoj Lidji Culf£ jl ik <iLuull A JA A^^iI A j-A <IAjJlLojI 


4luf *\ 0 • * • • • Ik _y * 1 * 4kii I Lu <Luj_fl 4kii Aj^I I aJlA cJmj I 

AjjS ^j-aj J^L*. <dLu«ll 5,1 a ^ Uftl t ii C*l(£I (4 xj(^II jJuy 1^ » Jjaai 4_u^xki 

4lui ji pJj-aII 1 fl *UAj yl]l ULuill 4-LJ^ckjI <luJI J 4lui Y, «♦•,*♦*,♦* * 

jX« X * • w * * * 4 -ulill ^L*jl»$ \ * XV 




Ik ^ ^ fjk Cul^t liLuiIi Ik * * «* «. Cul^ < lift jJl^VIj 

4a Lull i iaiA ^Ui*il 4kui X,***, *•*,*•• ^Jl ^ I" *>." i.. cuL^} 4t^uJI 

Ol^-o jitif Cc^uuj ^aIjaijlu 4dLuJLI (Jlxal A j1*^ jiu ,4dc.LAll i j jkj.ui 

. 4kt« T, f •• • a j JjS LU3 Lki I £ Lkkjj-uj 


JljJa jIjSaj JLiljk Jjaxj Ik. Ciljail «^u(5[ IjJ <_^aj 

Cul£ *■ fjjll IjJx. Ij| olj-aJI JSi jjjl « ? /. j .Al l £'.■.. *\o • • Jl 

• 4iui T • Jxa 4 < A j \ £ n i<i I [I 4 it, «Cn 
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U^l 


jjlilj < <j—ui 1*)I) iln 'J —fill Jxo J-A jtJk >11 jl_a *j^l (jlfUj 

d H.f ^ J A 


4—^.Ij^j oil *s ^j_^| Sj-dj < •( _ ^ i Til) aJL* J-x* fLijI o lir I J« alLj 

j ftf jii ^jll jkAj ^ii IjjAij f4Ld Jiifl . <UIa_luiI 

J» <a 5f% ■ li* (j* jkJJl Oj o=»jVl a* to. _j 

<j| a ~i mV Lj lj n lr ^pV <<jxu V Jx* ^.flj Ijli i i -.1 «‘» A^l *11 

ijjSL; j^n_i . IjjjS II* (j* ^jiJ ^jVI j,1 radioactive clock i».f.tl itLJL 

■ lAJ^ <j-® ^J3l 


J^Ljujiil ^Jb OI uj^il Ju .bAb*^ if Ji* gjl d*Jl£ ^Jl ,ji ylalI ^oj 

. Cepheids ciLjlU ^1 Sjiiill ^xjll 


Oj fl_il (jl^ui Liijii* 4-i ^J ) _aVl <j^lill Co-tajl « \ \ \ V <Guuu ^ij Jjju jijlj 

SjJLa cuL^ LJ£ <UjLal LLij Cl (\St\ — NA"\A) Henrietta Swan Leavitt 

ijM (j^lLl ££jj <j£jsI Ijl 4j| Jii JxxVj . 6cI <Al JJ^I ^axll (jl5[ J^lal jjixll 

jlj-La u m M jl li^di OpLi^l J^La jjaj .<»! i/ij jlj ft « 4 -fijJUa 4 j£xV ^ii I n 

(jl j Vm v <j^ju ^aja-JI <JL)j . <Lal hi o ^1 jic 4 j j^Jujw ^jjll 


• CtlLukO 


(\w. - \Att) Oi ^Ulji^dVl ^iUVl jliLu.1 ,\Ut fcx-^oi Jdi 
Ji m~> a .IL ^1 iii11nl I a|j_JI Sj^lj ^xuljj ^a oj^iI fIiiI jI^jVI cLaial aj^j (jx 
jxLjj . .-.Ijj l ajaI I ^ - (x.lji1 dll* ,jl ■ »■*■"< ! jjj . Andromeda galaxy 

^IjiVl oil£j i^iVI gJjiVl ^ua. (jJLt Jdk; Vj <1^1* Oa.lj £ji (jJLt Otaj J <IjLbx 
. (jLljVI ) otil mil JUJaj ^ Jx* 1 j ijaiuil ^1 ^Jb * 

ol>ail (jl JUAtl iij < (^j_iVI CiljjLiiill ^IjiV O^fjLu ■*■ L**.~ ...lj 

Lbjljjjl ole .JAU Cfc»K JAA dlj ^dj ■ If) JiA AJJa ^j]l 'JdLill Cj l^x jnif Jalu C uK 
aI»--1j‘ AjuLu Aiii jiiliA iJiA ji I *JlJ*k~i ^ill oLcjxJI joAi ^Jb 

. Lf lc j] oljjlidill (j-lc. n~i«~i jJj spectroscope <_*Ukll 
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(_£j—o Jj.S l,r (JS qIj— ■ y tl ^ 1 ~i-k~i «jl.l-JjVI « (jiiilj <11 ..I ol I jij 

^11 jJ ^11 IjJh * |jlj .CjIjjO j jut f. 4iLuiII ^ lrfcfl tl 4i4jl 6j |T| f L^J^Ja 6 V ^ ^j| 

■ <1 < u -i-L Oil (jjj-tM-f. 1 —(J-J <iaS-> ^il (j tu^ u < ia ii ,*n »l» al ) 

(jjj >«r jla 6iA Jj <iou ^jj jl a I Jxa jX-iiojJI jl fliVI ,jl I jjk 

, 4lui jjjl# i_fi_11 


jjXu 6^-iC Vj (JLJJ jljajVI J J « ■« JJa Ijj tiUiS (jjSj III ,'iq Sll j^c (jl J-u 

. IjA ( j <& a jjl J nlvi V . g I ^ jjajiL llc^a-j 


^jLaJI 6 J ij all <-iijSfl 4 . A * «ll ^La % til ^ ilra»JI ^ I aWI ^j| .'j * t a 

^JoLijll jljajVI JJa_o _}A^I £jL-»J IflSj-aii ^-aj . Lfjlj ^.1 JS <oajla. u,L\ „ 1 <A 
(Jj- l » i J A - n jj ,~1 a SlI (jlj JjV (jVlj .(jjSLU (jJSJI wa.V ■jJI JLU ^Jal ill a_ajUI <_n ml 

. Jaa (j-a (jlS Lac. Una I 


lij_C I jl—S < (jj| • 1 alia —a lia—j| 6jJ acj J.V .-n *ii jj ,SII jjl—S 

iS J ~a — —i-ul—a i ill 6j^— lOj jn a ^*n ,‘i( . SI I L -V 11 j liSJ f I n il j . ajJL 

. Sj_S Ji -£1 ‘O-ujLja v ica (jl£ Iji- ^ _>i_Sl (j3_Sll (jli US <l! yi^_u 

i—all (jjj <u r . j* Jal ajlj-^.1 ^aajj ijj a j I * »i "j (jLS LI <11 ^_lu Ij—tj 

. <AJUJ j^lL 

jlaiiVI (jl jj> j Lac VI ^uu <ujLll jojCj LljA .1 Ijl — dybdl j > ift**ll a jjl 

(jjSJI J flf I Irt I ■ s ‘‘ » t f A d*t 1 .. ,*( ^ * I* I at | J .^1 f 4 I .. A a .1 a A I*, a -i a * iLall 

■ ^ ^< laaa (jjala will jalt iuaaa 


uj jl« t-iVI i j -a aif . (ja ^Lkla joSl (jlS (jjSII Jit (jU a (jjl < Ijjk (j-a ^jalj 

^ilUl jdfi j**-* (j^—Sll (j(j a < . 1.111 aa au l l Ltj i n II CaL a mi I n.tlc <l*u 

• o*“j^ o>^ 

yil IjlHaJ ^aijj <laa ^jll ^*«JI (jjl 6j-a V*\ • , • • • (jijVl ClllS IjU 

. ij« Y, 0 • • , • • • ftail J2S (jjSIU (jaajill a-lLSIl 
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Clja» 


Aajjj V 4jV (jajjl u& lillj jjSV 11 »~i n (jl ^jU~ii 11*1 V Liil Jill 

3—*1 Ijl—o ?j —iVI al—ajVI je Ijl a—fl Iiillj £_aj . (j-ajJI <Lljj J ■ » > ‘ ■ -»J< 

JilUlLO 

^j l nTi m I j t i l .^jlj J£Li!uJ lit UJ.^>-k <i Jjj~i mil jjl j'y 

tr uolil ( L&ilA f'^ajult ^ijJI ^uxill 1^ h>*\ ^ill 4^l^ui 4uilj,lj cr ^ULI j^Jj 

Sjilimt I JLi^. <lll liVLa-i IjLa jSJ) —jiAl vtl tXLOjjj tljj Laa 

jjlill jLaaJL ^jL jc Jjjjll I ii*\ nj Vj <j >» L iill.ni V LSk Lli i^Uij 

(jnWtl (ja 4jlja. 4 jui-> iti JaliLiiu lia jja jl >jl mi d « t ■ ■.. lia (ja jl Jail ^Llui 

■ 4iK Ciidd^i jl ^ilrnnii liiI VI t juu Cilj ja^fl 


CiLkJtt Jallj-a (jc. lij-kj jjUll Ci I ..I .rt «>yi ^U% (ja (jSLaJ iJLILI J I«... ^ If j 

La It (ja 1 *11 ji j la J&j j " f jn%ni ^ ^ *> O' £- 5 >ii (jl ‘Ljjiu jlatl 

— iLajLS Cilj im ( jiuaI (jujJ«J ijju ^|UU JJCj 4 lu (jj inf juu .!,.)£ C{jaJ in 

^1 Ui irtlL Jj-ill I*« Vj .(jajil y aj d -■!■.. <jjLn^VI tji i’i^j (jl Jdluj 


^ # # # 

LAjI 4-i La I .K i i u i 4j ^jLusaVJ ^Jft^ill (jl jiC jatf.ua Oja 11 u jaU-auVl 


Jli. ^ cj a A laai (jia JjlVl (jlc. jl C^ a~i ■ ■■ ^la jjJiij (J^ijVI (^Jj _>Lull l ii^aj Jjl 

«? ^-.<...ll d^ll_ 


Jlajj i jiliijl jiilJI ^id^-i i»jl^^ CiVLaJLa.1 dlijh .d a . a Ifj 

.jLutVI juu I A‘)41 La (^Jj j^uj liijljill jSilj i4jja<tll 4-ilt ji ^ijall 

ai JLa-aJI jia aj ^ilj^a.Vl (j-a lilLli 1 JL1LI Jji m (j-ltj 

jl^-o (ja olji/jli^ll (jU^La i&i ^u.aiulI 4 tj-uU 

lalii jk <Jimi ^ jajVlj ^kl^aaVl 6ii £j!Uj • (^ojVl 

iu^kjVI CiuLlJI jjAjuiJ La ^Jb 6«lbj l| » ^4 I«1a Lu^I 11 ^* 
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Ijblji^.1 Oj^aj t ^ £ja t—I ^-A_J ^ E3rth-CjraZGrS 

^ fi 

£**,**• ^AjVl J * y CuLSj lj-^lj ILfrlj-ta d&J <W^N <1lm 

t I ^Jc. I jlj-o (jKA.t 4_ajlj 4- 1,1 A jVI CjLfl l -i - oll CuL^ jl 

<Lu<qjVI <LujL^II *_*-_* "»• * ^Jc d a * dt% (L^jhb ^iLi_i ^jl 

^ ^ jiijl Lfljljlj-o ^jj-fl Ixl f I j “i a tjjJ-fij ^Uli I i_j&Ij^JI i_Q *y ij 

Jj-o JS (J ■ ^» JJBj < j^jVl J-a 4-LjJajVl pLfll i nil jlx-o 4-j-fl ^jLj Lo-ij^j 

Jjl i^lflll ^ * L»" ■ “JJ . CiA^ll ^juAj ^-Ul iJI <la]Li jjJj <jL^Jill lt“ u^j^b 

£/_i}La 6 JX. (JS 6 j-o Ja^jujlLI j'j-fl £JBj |jl I.XA J-Lo {j I lj)i i >i -kj 

. ££JjuJI ^yA 


liA j j hj J 4 i mj *\0 ,***,**• xia -k Xi jln-i^>VI IxA J-i—a ^1 

iil^S LaLaj (jttn i7ilf Cii'w jLliJ! 4 j 1 ^ i n Jjjij |j < ^ A • ^ Lc 

^ i a-\ CiJ-u[j ipLIjj "ail j> la» o OAlij CiLcjj^II jahg n Ci^lll < tilljl d ^ *~\j ■"•(j*‘ ■ ■■ 

C^jVI ££_>A.VI plilJ J^tl £l_j.il £ja JJC.^ Cj I j ft i^liiXlf 


^yA SlA ClX^ftJ I l A jJ-fll ^Jlll ijjIjSJI 4-lX^ftJ £yC. 4-AjJlj P^jUU jli J_a1 ) 

ijjh JliiVl 6«i-A xij * Cjllll j»> 4_>-flLi aL^JI JKi^ii ijAju cJJqj i^La^ll 

* # 0 

*J A “‘‘ s ~Jw3 l-HjS I_iXa* Cul£ I o ^1 < a 3 -* 1 j iQ Laj ULa. 6I 61 »*alI j» ua |JS ■ «!■■■ 

• 5 >> Aj^- 


La Jjji ij^kJ JAI . k_ii(jxtl Aa j^c. pL^ lil < tjlj t jc. Larj < iijlj£ll 6JJb 

d iJ "a > Vl Jfl i*a l I jl (^IjuJI jU^La Atl , fc , K > V j| 4_ii I ~1 1 41... 1 1 LaLu ■ »f-jJ 
il^Vl OJJ^ Lo^ l_>A jVl iiL^-i JJai < i±ilj^a.l tjlijb X* ■ i3'}LL>yI 

^Lflllll <Im i jj iL ijll 1 , ”\ l‘»» 

. I ^ (1)1 J a ~‘~* 1 1 < Ojl^II L^j C iS*a f LbJ^j (_jAjVl (Jj* 

Jlj IrV I ija *(jVI Lo^ juaiajaj ^JLt Cilfe jjijVI 4lu (jl IjliAj IjLi 
• iy^j tr® lU“ J®® <SLaJL ^^JLLI I_^J^II ^yjc. pLLVI j^JI 
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• jjAjVl <iaA| ^ILII jJjil jjiajuJI S ilj tta jjAjVl 4lu Jiolui Ja 

5JLLIL 4_uUJ CiIjLj-JIj f- Ij-fll X&ij M-fljlL jAjVl XoJ ^jII yb juft atill 4 > itil fl 
tjlji^JI * Ijill ijlj-i f<awuiil ^11 CiL&ltl SliAi yll 55LiaII (SjaJ 5 aj^UI 

jIa Ai..A ^jll oLj^jjSII Uni I ^j| j—Sj . I JM t cjUjI^II jj# 6j i fj 

Ciijiiii 4j)ji V1 ^juAi,ul I 4 jLuI> I ^ ^11 4iui \o, *•»,•• « 


?Jj 5U jLu&Vl UiiAJ Ja 

! V ^UlL 
•• • 

(jAjVl 6^)ji.ti a y Cilj j * i tjl tj i ‘uib^ 5 ILa y Lj-iIj j^jVI 

^yj 4 11 ii iUI ia /> CiVL^jaj I j lift ^yi CiIjLjj <4j^juj <JI i ^ 

y V cilj-tJull 6i^i (4jtlpA cim J pLlwVI 6ji jl ^i£ c ujyll f 1 1 A ill 

. oliaupll JUbjGj Lj|j li^lj 

pL^ aII y L^utij Jjli JjAAJ <2(Jall JAAj yi LIj 4tth'% n ^uaJJIj 

uill J * i 4*11«i j^iL uil(j <4 *ii .ii jAi 4li^j (<la^t ,Uu <la^l < l y Ja| LujJ 

Cj* Jb* jLS La£j . ( 5SLLII <ja jii ^Jc dliA <jl ^1 ) <l*-u 

^ a <1 a yG ^ill j J rtill Ll <La jIIa yG Jjl u aj <JiLtall jl djJb 

• La y LLu jjjll lii diluii 

^Tt . ij.-i ijjVI y 6 >UAa Lljj CiliJj < lijlaA jii a ia ll j) 

^ j <v*» 4 -aUJL ,.u Gj o 1 1 ill Ij| c4juui No** m r . y jLoj ^11 

. ^ILJI (4!^ 

<SLUI y jij**--* uijjuj *j^‘lxwi* <jlJa ■_■■ yinJI cuts! 

. ^Jc ^11 y». 4juu«« A , To • , • • • ^LaJI JjjJL 
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£ , A ju <-IoaJ .lit ol*u ii { j« nit<I I oil^ jl (g\ 

. joju Jj-aj AL» j^akjll Ojljjj oali j 5 culSkl < <lui (jjjjJL* <__oll 

joW . c£j*3 jj— ill jl>al«.l ^ J**A ,^111 ^ <j»LUli <£*ULj 

»j * *11 tjjt |^Lk jjSlj ‘ J-3kl *L5ll» j j ii>J (jl <j-a J^jJal tj^lal ij 1 ll ‘LaULJI t ji 
??»...«.*11 ijUJI jiljj ^IjJ (£•** ^ 'S$£l (jl JLjlaVl 

jjLj *»H ^Li <iLUI tji OLuia ^lc JLaJI Ouuki Ijjb i Uji 

L I .-.- ... I. (-N^.'V) Hans Albrecht Betheoi-j-Ji JiU ^ULVl 

, \ \TA <lui <J_al^iI Ji.»l«*H 

^ o ,•••,♦♦ • ^11 J^aj 4-a.jJ y-lt o “ n ** *N V^* tf* AjO-*^ 

Al —ciLul>ji*>»II JjIjI Eddington JjV I jt-mAml Lo£ <<L^la <ajj 

L> l j isttt J_0 Clljjll ^ I tTw j (jit ftj-A SjlJ^ll (J^JU 

j^I 5 )^ LfjLfi Ljx A a j £-* CA^*JjJffll oljj f> 

. hydrogen fusion tj** *d ^^ Lo-ajI <c±LiajI ^u>jj < ^j*1 f oljj ^LxU 

<j-» JSl /*»VN I | A i I< 1« <1 J^Lajjl cLiiil (jjilll ^J-J-l^j-llj 

i—C-J . ^ ^4—fllla ^1\ --U J 8 il l Ij-A . <j-o ^jll i£_at£jI 

jl.i.r .j jl lj t in "wj ll <li^JI dllj I ^**ll 4_sLLJ| jl i * * ^ t*L‘) i all 

LiiC J£ J>aJu jjl uaj CAajjiifJI <>» ^.1oAA 

• ^llall Lit ft > 4s(JsJI ^LluL ^jiLLull Infli^ i 

J 'jJI <j-o L yUi—ujl\ jl J—a| ^Ju jj (jl <«£jL£ itij.' -w ,i Jjjjj Ij-A Jjl 

(<t -m (Jj-oJ ^ qtajjXi^JI jj-o ^Ipa.J lj ^ OAA, ....... jljJLaJ (dllA £-»J . iLjla 

..tjMAxzJI <dA£ ,*»-» ( ^ha LhI qSll ^ cilaa.0 ib^lS (fl ) N * xT 

jjlJ lijaj jlj < ^illl yLa^jJjjll Sj££ CiIjj j 5 ^u&ill CfcjK jli 

o “ a I 4 ‘- A « Jjlll <iu» o^-JLo «_iJ| £ , A Jl 6X« JljJa ^LaJI JojlIL ^Ja 
■ I < l~ > ^ o* /■ 0 cSJ- 01 ^ u^l ir*-^ «j* ia ■ »H <iUa o^ j aT> <■■ I L* (jLi < jjVI 
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"fc . I Jtlil 4jLflLl^kl 6jl JaJlII ^juAu 4-flUall I J * ^MAjuJI J * « ■■■« j| 

. 4jjui (j^-iLs i _ol I (joLajj <a ijj» 

<> 6^^^ IX-U jfcJ ft IL-fl .4—6J fl.l L_aLoj ^ * 4 4 t tliij ^bj 

Lj^ J^.jI jij hall jLa-AjVI LtjJ-=h. LoJ-ic. <jI jJb Jj^Ij ui ml dljj < ^LiJl Jjl^JI 
e_flVl I<ir J-JLJ ^Jiift |7«U Uj . 4 j Jj-l jfc J llfl 11 j 1 ^J-C. ^1 

<j-° J51 I (j-o j tllllA Jljj V ^iU>» 11 jl -^kflWI Jj-a 4 jjljw I ft 

/ Y ‘j g^jjXtA / A» l$_» 4 j| jJ ii jiiifl itill Ojj£^j I fljif. < cllj ujluijj 

' ft* J ^ Z ^°J / Vo <j-o U 11 01 UjSLjj j lAl -J l CiSjII Jjij < jfcj_iLh 

t—flji4ifl LoLqj -Ifln ^jl ^JI ^ILaJI <1 Jjuu LJL^. I j-alj-ul 

• ^^^1 4 w ii <jJ-lLs uill *\A ^l| i/*> i Luj 6 ^iaI ^iiJui ^afthull jauoj 

cjIa (tui %j L ^j*x> ^j -0 £yt * 4 -*a jJLl-o j^iLJI ^jjaIILa <Jq^JI 

4i^LiJ Cu-u-llj i^LjiVI £lj~wt ^ I ^ <iij2UjJI (JA 6jlj-^JI 4^jJ I fti ti*% i^pAJuJI 

Lxtfl jl^.1^1 ^jdj .*Lalx. 4&<rti fjuAuJul I f 1^I J^ u& 

j \ h-bij < i, fl^l ^juOi ull cjifl itill {yc. iljtL 6 jAj 

* j *.■ o* o-“ c^* - ® uA3 • 0 ^ “ ‘li o ~* “ ‘I 

^Jl J* ■*‘‘ t ^ * <!t£^juill 4^_xXfli I ».■■* « ^JUI ^ tf * 

(Jtl A AH 11 JJ ai yi| i±ifj jc 4 1 imLJI 6jIj-^JI * i Mj t jl * j t ^ j 6jt II 

jl jjX. t fi Ijfl ■> 6j a > i ml joajuJI ^tku 6Jj^t ^11 JXaatl ^Jj i < <»j 

j\ t jil J J ft 11 i.o ^iujuJI ^?>> jjV j ^1 ln< all dt ^ t^V 

.fjajJi <JLJI <»i iltw _^o Jj Lijjuij i)IjU <*i 11 ii ^ ^LJI l| ~h Jxt 6jJ f *i j ilfl 

red giant." ^ ^ju.1 LS^Lac. Sjjyalll <lLaJI tia ( ^_i ^nmtill jui^j Lijuj 

— f. I n i ill I f Ij <llLkjJI JiC Jli^i i^jjlai ^TldLuit jiul jjJull I jjl 

j«J ,jlj ii -vLt jAajjj Jjli ^Luul ^Xs Jjlou J^itil 6jiti~i‘ll I SjUXall |kjajll 
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An tares «_j2jBetegeuse al jy -aJI ^'u :«dlj ^Jc. <Jj~aVl JiA al 

. Mira^JajS 


[|jli I J^Lic jlj jtaj ff] jl j i wjiiI I J, Ui i jjl iJUj 
tuuu^ll iJIjIll ULAal yjll iLjUl SjlilL lj uni ijjidi I j * * *~ 

jjhj ^ah/i^ 11 iiLLJI jj.-rtA j,L£ ,^111 Sjjill (^1 main sequence - 

. ^JlaJI l j* i rt j ^j uni n il ^Jc jtUn La 

jtaa I J ^ ^ill 6-ill jJk La '.jA 4—a^la u%I (£jJI Jl^-taJI—• <<_n *«ill tlllllj 

II Lt jajVl J t»~ ■ ■■ l~* * 6-ill ill ( jA *?4 a m a*i^lI ^—Jl^jaJLI ( jA jnn itill I ■ .■« 

. ^.KaJI LJLa 

iQli^ ijic. Liljjj 4 ajuujjII “LilljJll.1 ( j& jaai I )lhi ^jll S^H-ttll Jjia j| ^-*AaI 

<t£a Cul^ I aK« , iJJj ^jgj .^i^| I Olj^ Cul^ ^aall <la£ cul^ I «K« 

*laJI jjJj f V. II tj ~ a tii j £-La*ul Jja*a jjjSLa j>l i_OJ |>->*> tl 

, CujjLa* <_>Ia 6l_laj Ci~>~i jLfljj Vj ..Mala 4ai JJoj ^jll 


jlXaj JjXa jt ^jjuiI J jt «i Ailjiu 4 j ^ijii jjl ■ ■ ‘ ^jll Jjlllj 

^ala*a I <Jj£ Cul^ I aK <j| ^iu lilj . ail I "^ j I 

j)LajJI dajj 1 1J Tir. lidi <Iaij ** I ■ * La ^jjui| jLaj^Xa|JI 4 ^\1 m I 

* * <-all_j-lLI jj-i JJo Lal. A » A jjfkl j»—aj jjlfk LtJ£ <j_aj « -jj . j a->-V I 


, ^all iij^l 


jt Juji V 6jl < » .. _.. jll iJl^^lLI 4*1 . X J&J | ^j^|| . aj...j 

<fLo-i_uII ^3-aall ^I| (jji Jjlaj ^jjll <_uLtt_JI ^jJLailli .J5l jl 4*. ■ ■■ > t . . . f . . . 
jt (j rti l iiut i j ii iit ill tt£ ja 6^11 >■ juaij jUja jjSl < I ■ »• ■■*> <Jl^ Lfl ^illj 

» l « 4- a *a ^1 < VI (jujl <j**i 0 • * , ....... JjI 4 . ■ ■■ .“.jll * I a ■!! • I j"h^ 

, <lu< jjJ^L 

>*Jtt C al *aJ J-fi CulSkI (CuLaJI f_gj » I til I 41*. ^ 4 -I A. .X j*. ,*.t l .-."J ^ j)j 

£-ljiJ <_>AjVJ ( 5 *il Cailfk Uj <<iua jj^aJj 1 , \ jl» _yaa*Vl jpLa*JI 
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Cul^-1 < > ilill (j-«j) ' u ^ j i t*. nil (j1 J-i-fi d_uljj j-aSVl d_jjikll 

Luj jl i d iftifl^.11 juAxull 1 ^ i-n d /*!■v ■ >■» j^V I ^jnftitill 6JJh (j-a IjjU jj£| ^jojV I 

• ( Jta^l f ^1 ^'^ < “ 11 jJL-» jft (j^jVI <-S^ (jl£ 


Sal d itn nj] I dalljkll yi — 4 I la at I I j ~il~l^ jLtjX.L — (jimiTiJI l JJoi (jl jJA J-Aj 
Jlji ^La id_Luj (jj.ili £ , "\ aj"i aI oita Lfj| Luj . jliftVI ylc <Lui (jji_h \ Y ^ l>" d iK 

wjjj i ii Sj'i fill ftOA JiLaj .d l■ ii iijll iilljlll yA If! 4 _laLi dlui (jjili V, 1 6 jaA ilILiA 
6jtkV I d_Ltu i'i a till I yA ,j*»jV I ^eJnm jjA djj-i i n jjS I 6 LtaJ I — ■. --~ ■ ..j fJojj jk. ,,, 1*1 

. *ill j jaj jl 


^aI ill Cl AjJ I £_aj ( tn mjVl 6j ft r yA I ft -^i (jii n lull jnt'l (jl ^jjl Lij£uj 

Ail (£0-11 (j—ftjll (j-« l*i A A 5 L_iLa j_u£| 1 Sl._t- "1 II pi—A oll i_JLa * j ^ L_fl 

I (jl (d— j-aI a ill JL-a.Vlj ) d-ij—iti ill Clfcl ln~i ml Ijl y J.aj . J a_illi 

J-Silj Sjlil y i^nJI jJL-ea jtJL*S jjojVl ^ riiftl 1 hA < LfijIjS JS JiLk ,je»jVI y_lt 

. 4ktu (jjail *1 


(jjiil pUs 


d^u> j Luj ^ ft yA ^ -k 1 ,*H ill Y • • ( yilj_a. jft VI J“« -~ll I - ft < lillj £_ft 

j->.i La oox Jiu (£j_k I cilj^-o yA ^j-\i dJLtL* j lax 1 yjj <La 1 ihVLi < ^ 411 > ~i I 1 
C^-^J ^~‘J^ 1 J*" tjl J?-® Ji5^“ Lh°j y-niAl; Lujj .Sja-0 (jj-Ji ^ - . 

jjJj yjl ^jaVI ^Sljill yA Ijj i ii » I 0 -A j it i i ll jj^i jlj i i iiII d-aJI ift j ««* 
ilia jjia iltlkA jjlj LujA < liA itijJ-a. ^Jc dlla yi jl . yjaVl ^jalll ftOA 

(jl Jjlj Si j aJL ji * Yi Jlil i» Ji A~i ...ill yi I iViliin jl UlLa ijjajJi LI ^jjA .1 d. XI 

. LUajLa ja (jj^i 

cul£ Ijl Lu jklfi (yUa. dlijll Jja_o jjSi (jl ^^jjj^kll (j* (jui I^iljll (yij 
^itil Jk~i i ii Lfjlj jxjaJli . 6 Jj-aj^o j-ix. aJj-aj^Q ^alua dj| jl ^ da^jll Sluail 
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La . I Jljj V ^ic. ^LJj 4j|j IjJh (JL 9 ^ Lijjj 

S <~«l^y ^ q 4-^Jj j “I I L$-»Lizw <*"«(] «I *&fl ^uauJ I 1 j I tlA-J ^. i -u.» I <fl JiaUii 


JS c <* i^ ^jtl <L_IljlLI ^jiiAalJI 4j-fl uI^LLuj ££.lll < < l li n (J-o 

« # 

i>J ^ ^ I 4_il Ijll I ji J-. * ^ I 4 jo !%</> ^jSV Ij LI L. 6 I if I 

^jua i.tjtl ^)-a 4 _o 1 -*- ■ ^ | 63-aJ. I ^3 ^ tf I Lfl fl £ ill L±Jh I ' ft 

iLilI 3 J 1 II illj-JJ * fj ' “3 Lu^jJftj ^jha itifI 4_-aL^k ua JlL-a I ^ 3 ^ il I ch 8 / \* 

ijlj 1 j t JJjfl * t... ..jM <J|j_ijol| j nfl I ~ i t l ciju jl jl J » 1 4 1 1111 l^f I 

• Jj* ^ 't < 1 of.U ££^11 

gj « > tf—* ^?jVl ^jJcj ) L£j-a^a ^ < _i fl i~i 11 jaj-a-ill (>> / AV Jl “Lj-mUJ 

6 j^fll 4 111 » i tjl I 4J Ij-J I ^ Jhl to ^jn n i7il I jja Ca 1 i 1 /a Jd I i 1 g 1 ^jl I | O lj il1 
I ixj 11*1 JjLl 4 k mjIj <_J1 3 J-Q jLojC. 1 l$J ^.j) -> it I 6 jjk nj . 4 _j_iu 0 -lL \ X £ya jjLl 

jxLVl ^.j CitJjJ LuJJ jijhlll jLa-giVI Ai .-■ .X a*. I ^l] I gj j g 11 A* 

. LfjLJi I jimi jAA Jljl Vi Jtj lxj^U 


J * « *aH (>> 4-«Li_iA JSVl 6Jj-o.jil jkj-a-llfj 

<^>A_> VI 1 V ^jjllj < (£19^ J jj*jll Jl*jiV LfrA>I5 Sjl^a. 

L+il ^j . 'k i a J. tJ nt I 0 ~n-> tf.llj~ t,q*i ^jJLboVl (■ l_) n^JI LtAj) f** * 

6jlil ^ j ,ll j\ >ll V^l lT® L^°AdU < <Ui.La.uVJ 6jU.1 ^ya jJJSJI jlxaVI joiLjJI ^Ic. 

, <*Hh ^|J) |lt X • • ^11 Jiii 


Jljp V JjCCiI Lj . Uii iJj^yil ^ajll VI jl i~f VI (jULi jib V lii jjl Jii 
>_iVi 0 ci^l *A Cmj^a L^jIj jag Al lj . Ma X*tll ^1 *“.■•* ajjji jLjAj cILi 

j\ j > 1 <illi4 Jlj? *Lu ,*m » l« i_iVl N • ^igSlI j a c. jL j5 jjli L a.\V <LLu< (jj jL 

jiX, CiljjJ (jjiJI ji ^>‘ 11 j ail'l l Jjl . pL i> ml ! ull^i I n.Ur ^jVI ^jSjj 

J^i^II ^illl jjLi-» La Ac. ^3-Ja I_ili X • • JJU <G| dij-al JjjLLauIl S.U ->. a 
L^La J-iJJ V (gj-^l f\ J i IJ C<I^.A n JJA i_gj_u <_i 1 n mjJI LJIjJlU LJLi. 

? LKi p^Ji 
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a™ uA" Jljj Xj uj^II jlitu cuj^j fj^ill <j1 ^ rj -> > < * 

jajinl in |fc ‘j * IjJI CiVLli^I ^aj .JiAIjuiII ^1 i'i * 1^ 11 j * 1 »■** Lij i ij 

lift S^a^ll <JjL^JI jlillj jliill utm jJk JiJ'v ^ ■.. «*jt I ji.^ljj 

. Jj J ■> n jLxillj jLill l_ .-l ..I jiljj j>Li tjjSUI LaI -» • » A jktj cf ltj -u>^l ^ 

^ < jU. jl jLc. ^ya 6jlsi L$j elliptical galaxies 4_>^jl *i olJll^i 

tjp i jliJIj jLiiL <jjc juu ^lll ^Ljjjayt Jla | spiral galaxies <u_J^ll I cilj^II 
^lll iyjSJI cJjiall Vj ■ISH ili . spiral arms lui^lll £jjVl (J le. 5« S^^ll 

<> J l^ll I f l olj^JLI iJ-A ^ 6jJi-o 4 I jl iiif.1 < JL Mil I j fj a J^LiU 



( *ia5£i ja aIa jLillj jLill SjL» L> J j si i ill I ^ .iS j^lll i lI 

laIXI . ji i l^ 1 La JS /ia JaM 4iilfl ^(i..-, 


JACJ 


Ijjt jl ^AJ lliJ&J IjjjAyO L&j j|j)L \ • jjJ I^JSL <XUllll 6jJk JjAJ Jljj Vj 


T • • *1 ■•*»*«I Jjuj • LJU. 6j^a.^XI ^ajIL ijjlllL jaJLa <j| V| lj_. jj u ^Ijll 

t 4 . ... /.jlI 4 .lij "I I ^jU L-JU. 6 Jja.^XI ^aaII J£ ^ t irt~i jl A»Jj i<lua j^jL 


j aa« ( <j .u» jJI 4-JljlXI ,jJc. (j-LuVl ^ t^jll ) *>9-LI Jjjj <jj-® 

* 

t 4Lxn jj^iL 1 * * * *jj < LJL*> Jj&p La JaAfl \/T • In Afl 

. LJL* (>» -Lli \/\ • * * jfj-JI uJ-^j 


i Luja JaVI yjt t jl LfbLk ^j-o ^jlnwm Jjla dllft idltj ^AJ 

^ ^LajjVI caLc.L3 jaIuu i red giant ja->I J^Lac ^Jl ^ .^i JjaU jl j*a 
. < J^5|*.~H ^...1 ...Vl I.jll J |+ A j&b) IdjAU ja£| ^aaU Luuj ilkA < 4jJja 

'■' ~-H j^li jjl jjaajj .iiialL >Lftlo ^ajII <_tla noj < ^ULc jl ^Uj j| 
jU. jjl i *_■ .dlls <iUJL <±i«ij jU.1 (tu i JclC Claji ja.jj *_J3JI ^ 

. ^ •^*■11 JsLluIU jLjll j 4 < (J_jxll 
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* .tint I ill 1 J.l i-w 4 <LflliaN i*\i La 4ahj-i V <j| I J-Aj 

< 4 jjj <4lti.\l-v ■ Jjl^> ^ til JJaj jljftlmf J&l 

. ill jL^-jj 4flv5~wl| 

lillj ^Jl jLiIil U£ 6jlj-^ A l ^jaII <-J-aLU Jj-aJLj ill i I i»4trj 

Jj-AjJI * oj . <QjLa C»LtLfljjl 4-Cj i,u i <Gjlj-a« ‘LajJ t j ~ * 1 1 A 

(i 

<LlLqJL» <jVI ^LjJLl t ■ » 1^11 ^jLA. Jl> V 6.1 a ^jll ( ijll 

(jtiil 4aV < LaLaj jl« ill Jjj^jJI £^JjI L <jLt jut <j| 4_u . j^LaJjVI 

. ftjljall f^yA jal illLiJh 

i jfchf | ^Ja^JII 4 -Aj^j 1 1 H'v An 6 jLi£jI 4-oLLj-^ jJu£j ji^*ilI I nKj 

. <JLua jj^I S^a^VI 4_JI_a. CuI^j 

I j i *n"i ^La fjJ-A ^A JSl jl (juft <7ill <IjS JAa 4_tl^ L^t ^lll Jl jL^^i uJsjp-u 
white jiruiVI jkj-5JI -j ^ a igj La .4 ilmlI fLjj| I fl "1*^ JJJI AA_Ajj 

ki! *fcji 1 * 4j| jj-q ^-lc <jjw> JAo ^ -v * ^jil < ^ ^ dwarf 

Loa I^ iAi j jju uj^l 6 j^>laj ULiLk^i Ciljill jI^ILuj l 1 ^ 

. 4aiLjj OIjilI oik jl 


J_»j gcJuJI <^1*, * 1 'A Jl 6jlj«aj g-AjJLa 4 jV < 

- ^jlc- ^^*1 ^1 4 jLuli Loc. £_Jj~o jIa J£l SjIj^JI t> J j^ XI ^juuli jf (6 ^uiLu ftjLi^-il 

J*1*a Xib illlj »UUJ *4 jI*1aJI <4c.j_laj ^LluV I JjJU dllj ^aj 

^ ■ >*^ 1 «ni l ^ja ui^f I jjAuVI ^l^aJI * " vl 1 \_fij - »j , I * ».^<a I * *»» jl-»l * «ll 

dllj jil 1 1 a Ha } * *"V A i j 6 4^ 1 ja j i mjj ^-jjll e j II » ^jC, t—AAjJli 

. <jL^lll ^-fl <1 4a 


l>® <j| V| i<aJui (j-a <^Lla-a Siaj JS ^ ^oaaj ^Llu ^>Au| ^jJ <i| ^aj 

{j^lI fj-*^ll I j JSl 1^ auu ^jjll 4 _l1^II f^jiaII 4 »aC ^h»" ^Luall 

>fcS ^ aj -k w m LaS u , in, » ^ u* Lf^uAi 
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. jVI 4 -ilr . jJt Lu lall \/\ • • • * ^J£ll L^. ij > J £ri mj i ii» ^a^VI J^LajJI <k^u 
jjjjJI ijj-uij «(_>o-uVI |^ill tLxa LljJ j* i_jj-SJL <]LaJI 6 j-A jjlljuij 

.^a*il ^Jl ■*■«***» LJ£ l«lU~*.l jj^l 6jv -~* 


<Ajjl ^tn JLju jLpj juutl j< jult JLju <-alriiiA jj^Vl 
'/. T jilj& j^a Ijia 4l^ull 4 -i^£ 1I Jliijj . ^»~-‘«tl pLalll 1^*^* ■ * <»ij 
O^LoaII d I. ..ill t ^ |^il jddidll Ij |! ^ '"n- «1 ^jJI ^ «lt d i../itl 1 

6j-4 j^Juj .5^*1T ■■■«■<- j3.u -*H i> j-aIa^ j^III <jJLJLJI 

oIjiA *JLI 6hiA t supernovas ^ ^ ^ 6 jj-^ ^ 

6j1 fit ^ttn I j.un jAjuII <^5^11 U^ixo j^Ldttl ^yi LJalla SjJjuu 

. <jjlt Calj 6 j& 4 J|i^i (J^Lo4 

4dlji jj£l ^kl^-^.1 Jl jLij^l Jaj t j ^fthall CiIjJajII jljiuj 

u »j£z .i-uu ^Jj SpLu&I JJal Jlajj pLA^uII ^IjJaVl 
Ubjl-Alfcl < black holes ^ '^Ijj—<u . -j ^ j] ^ neutron stars ii_. 

. jiUoVI 'jl* 6jail ^ V 

,~n£; 4d> j n j/ijUj ijlillj jIaaIL jlddj (ji ^ nlnmH Cilj,W~ill J <inj 

: jjla £al$J f>jalH 

• j-jJalL < jklAll 5 jUI (jJI k.il iAI Lf 4-i ~ \ 

jlillj jlxill £yo <jUiu yl Jali < Ail jl^jVI <a^a 4 ojidt |^ujj d! — Y 


jl i^aj ,*h ^j «Jj ^le. JdU liij .jkJhrVI JJI <_jjiJL Iajjaj <—Ajl Irfi~n 

.jijaJjl j< <LI$ 4cjdxa 

!^itl <LJiill oljjlL Luc |LijjjJjjuJlj ^JacVl JJajII jlij jLaC j j!>j — V 
. SLiaJl jjjSllI ( ji LaaVI jd itajJ ^^le. oljill ull ^ /i» Sli 

cIjjI ^1 — CiljjJI Irwuijl — |tj jl|tl jl . v 4II »Jjl ijj 

^ «■ ■*‘^ (LAill Cij ifiTilj jtj V,H jBda JaIj OjJ^J I i'i^I i^Jalll jLbJjVI 
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j f CiIjJ joJI 4 l*i ^ (>/'.« • tr 4 -^ 1 jLa-iiiU 

aJj-^-j-B CuLS ^^oll ^. 3 -rvA ll jLa-fljl Cilj.il I fti® C»U j « ^ 3 jlj f lj I 

I ~. O — ^jajVI OJjij iUj .(^Ij^ll Lj-iCLcj ju ft m JI I ii m ^jl (Jo4 Cij 
^ L» ^ CuLS 6 jLb Jjjb — <j“® J^l> CAg-J U^.*^ O* * Jj * -‘- r> ** . » Ij-C. 

o , 

4jl 1 Lai J ^aJI gj mill ^yS ftjy-atyil oljjll yJt I iAj | j .l mj Ij^Aj i^xJI (_j)JS 
j _0 / ^‘ (J^—uu L_fjl (yl — 1 1 i • > > ft joJiao V yjJI ( ^yijl loot a n . ^ l go.,i ii i 

. 5.KI I jh<H 

JJ£ jlj B~I mV) « JLa. Lu JfOiAj ^ /Ihalf Cilj.lvill (jLi < IjA ja jll Jjicj 

■ ^atio JjJaJtl 

,j£ll jLcj jLoC. ij 1 \ i SLg.g~t*»J J-^ flu) JjV <Lfll ihll ^yo ^joll ^3 ->\lf JJX. :Vjl 

^‘iio’i itu.% 1 < oLv iAII ^jo fkj-^oli “ 7~ * (3* X N (jo JaLi . I 1 1 Mil Jala Ijj-C 

fi # 

— Lbalaj ^ jLAJ jjiL X cJtlA Jlj>J V <j| £J* J ^yLLki JLiu IjjJa IjLaJbl 

* (Jj51u* 11 Ifi* JUJxil Jljj ij 4 (j-uolll ^ (SJ^I 

I jt t 4 i ji IjjSfl jjc. ^ 1 lAflll jjLjoj jLxlIj jLxiJI j 1*1 JLi : Lu(j 

* 

. jjSVI ^^lIL Ucj 

* ijajVLj 4 q\ \ it iH <_£jj5kll 4 n»Luil ^Lflj ^j^VI j-i^aLuJI Lo-ijj 

* * * 

|i^ 11 l ti *\ lii i iVI ■ L I *.iil 1 ^ 13-03 .***».. *1 f i(jaJ| 030010 ! 4uaLiji[j 

^o^ V3 < OjLaooul j &oj V3 jBxua j_aj ^Jfc JjS^f I jjb 1 *’*’».-JJ « pla.< iJa|JI J-A 

• ^JaC.1 JObIo jL a. ftjl Jjjla O*" 

LoK bjl 5-^° (_*-* <—iof^jo jjoll jLiilj jLjlII i_i-i. 111 jjLi 4 ^_oVl ^Jilj 

Ijl 1 tS>o^l 3 i rt l Val L LaloCy i jca.< yio^Ho |>h"u JLiiJ Ijhjii Jiljju /i^ ll ^jl£ 

• (j-“ J 5 l Jola-B JyaJ Lfl jjjSj ^joll ^>^olf Op* 

CilyaJ.! Op® ‘ ffJ® jL^ijlj Jjjja. joaJ jjjSj jktjll jjJt 

J*iJL (j 'lal i.i L^jli (4lui ojoL i • * jJiilj Sjli jaoj < Sj^oou Lt^jua j'^-j 
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f -1 11 O Ij -wt I j^u tki^uij . L^JL^i ^Jl jkilui tj£ Ijl 

4 J l jfclj—a.I 4jJ % fl JJ-C. Jja £jJoJLj (>AJ ‘ <_1 JJjJ3_U 

. 6J^Li_£ 6^1* <A 


III < I *> II I ft * t i (Jj_a <LS l^j 6 ^ itil I < ^ >i<! \ij I <_lJ Ijll | ^j il>A 5 

4 jLna_j lljj£ ^Jj ^laju La 1 1 tltrh*i La IjIa . <lLiA jj^Vl ^IjaII JJaII <JLlA 


Lajjx. jJLJI ^ja l Laj I c*L!Lo ^LxaI (JS ^ic — ^JL^JI 

£ya <*> m (J^-lL 1 * * &^a-C. ^jil JjjSlI Jj dllj Jjljj — Jjj. ijLjli ^j^-lL \ * 
* 

< j^-^JI j t !Ic 1 Ij] I j^ J—*-a ( j 3 _SLi < 4_l.lAjJlII a J-ia.^1 <jj^A <LA-qjj t jjVI 

. JS 


* 

. 4-il^-J ^Lj & J*ia3 ^_fl LlIIa. JJ alll Jjjill jau nl lj| p^jjiII jJLj (jjSLu-uj 

<jCJ a'y a (JS £ja Jj.iI j JajI JjVtlI ,U*i i^ jaHjlSa 4 "ha <jj % n <JLj.ft.-Jh,a J^j 

j..*A.m < m fl <VI <■* 1 u »li 1 • * ^ja U J-i 4a j .*. »-v > t I O i a 4jjjxa 

JjjilI Jia jl Laa 4-fljAi a <i lj_^l ^]l Sja Y 0 jajuaj £ya ^luJlui La 

, <Lalj£, jjSl <xlla Jahj Oljjuofl <dllj ^Jcj . ^JIaJI 4x*Aj ^Jc. 


? 4jL$jV Li d4Xu £j& J&lmi J* gUj 

JjJLa iLLli lillji <ajuj ^jjSlI ^ AjLail ^-KJI ^jIaII i_.iJi ^ ,im jj^tl Ji&Ai 
^ ^11 JJ aj I al^ ( iAil ■ ** ‘^1 <jujLotl ■ ‘ Irwli < illlj j_aj . Jda■ aII 

. jr^UJI 

. j^ajV I 4jjjI^ JUa ^IcV Ljlc 6iau La <j I itn ^ajII Ijlj 

^ ^ I O^Ll] 5-C-j-t" o-o ^1^1 4x^ui < 6^) 1 ^^ LaII IJa Ijli 

<iijLJI JtjiJI llaLuij .J^ill jIa jj <<LujLsJI ^Lal ^ixj jl ^.ikuiiuai 

. uidjL LaLoj iJaLli ^ilaj ^1 i.lja i All 
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JjVl 'tih al l jl -vi » VI t Ija. jj-o £jl—ail U j j -.La 
Jdl JJ a ill ^£>^ui Cxil^ Ijjj • ^jI^J V La J\ Ji4it 1 *j j “* < O^lil ^£.^ui 

JuLo^jVI I L\ ijj <j( n'tll jj-olll uLijJu fc-Sj in 5 cdLrfl <Uj^uj ^ 

■ 

6j(j-uu jiiLo^jVI JjJI a jljj-J uijoAJ 6j-o /ig SUl jAA^jl La Ijlj 

^jJcr big crunch ^1^ «n*l 6j^o ^j^ll ^ j!^ ^uaii jl ^J| <jJaua 

<jj £U ^ Vn J-La l-Llo^I j 9 -flj Im (j'kLuij Ij-^. jjjLuO Jjj <j| ( jAljJLil 

JS JaAfl ^ii rtn M i!a*II 6tii ^ ^ ^f *** » Uj^ Jftll j-*** ■ 

■ ^ 4 **V ^ cff J LLI jjt ^IxxlVI JS Jj (^>^1 51$ *J\%\ ^ 5jUI 

* 0 

l.lj.l^ IjJaIs Ijj£ J^itit (JjJa ^ilac jLfljl ^Jc ^jlLaJI JLuijVI «« Lajjj 

Lajj <ILaJI JJj . iJ ..LA CiiajJI fdJi i^i t >1 jXj-iifJlj i> 

<L< (jt Lj 1 0 JS Ji»iti_t <LSLajII jjlj^Vl jjd» Jj. t" » o jjc. jjc. Jjt 

• j Uml l 4 JI of. JS JJU tju (£.111 

• <IU. ji jUjuulj jL^ijl JS ju jjlojll J.^liH jj L 

L)f yJ^II JA o i ll 4xjjuj ^ »l ^Jc 1 a ^J * 1 4jI 

« ci^LiVI <-c.j-uj j j t ^i J5l j . i- o'J I <_c.j_uj ojL^ LoJ£i . c &LiVI <-cj_u, 

. |t - »k.« JI jUjjVlj juIaAil jUyuiiVI (jU .-.lj~all ~ j. 

^ 0 LJU. i jin a Ji ^jV i^kUL f4lu ^* If * Jjjtt jjS| Sjjill ^jl . . *v . q 

■ J. la'ij Jljy Vj < j>.jUf jLn-il j| jLajll jl* <lui |*!» aL 

V •••>•••,•••,•• * jl * <xu. uj-jJj ^ • • • ^yJk Sj-j-ill jji ,_ykJ ufl'i licj 

4xui 

C^ll 1x4 uSi 1 *i J o j i^ Jl jn Uj Lojj < 4iu ^ ■ l« i • • J_a_> < <iLaJI ■♦! h 
U>^? 0 * * J -*-?J 6 JXm JjJt-a UaLuj iJjjuui .lai# jjklkll j> t j j<- ... 

OOxJI <> CJL.3L. JVl JI*L Oi f , JtaJ uiSp <1L^ J[ 5i- 
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^ i±1Ij Juljj t j^jLkJI Vjl ^ <j| ^j_fl t i afljllI IjJb 

. 1 j \ \ *1 t V I ^2)-° 


( 5 jjb <1 n *h»H k,, Lfl^ill J_jLi d * .A a\t I ^o_uJf J^La. t eJ=ujj 

(jL -^ .ii u VI CjAj OjJ-^ ££-»aJ Lf^l a^j m 

. £jL=JJ gJbjl* ^a.1 ^-iKr | Jaj 6^Xij 

o£* fJ\j ^ '- a o ~*»« tixs^i c>fi q - j>LLyi ^^ic. liA iJLa-j-uj jjb jjSi 

<j£ JjjSJI Jjjjuu A . J~W > o^-fll <Cj-mi ^ya ^gic. | ^ ih «. H jLi-ftjVI ^yaj JJa.ll I 

S Ilia ,J U,u ii Jj l-i a fl Ojaj ^2)1$ « ^l$2 ^ la ^Jj J Jail I 

JSl JXo-i iJjJLo JjjSu ^jJ-»5LIa1I jJAj .4 mi flLoil <aaj^Jadft <Ja&i Lgjj 

6JLLI q 5 i^a*\ll Lo Ijj j ^111 <JcxljujjJLI 4-flla^lI ^j| Lja.xi O^Lfl^M 4Ajum ^ya 

^lll CiIjJ 0>LjJ <Jji.j-u.jcx ( jlaaia ^1 ^ 1 i 

* * * 

Lalal J Jail I i—ie^-il 4jjal£ i^.jJ -1 JjJjmi ^Jja JlaJ. I.nai dll J 1 i—i^aaj ■ 

• UJ^ l3^*i J 

6ji^ **-i i jj alll i^ao^ILi uij ■ ii i j^a SH ^li■>^^-llI 2 nl*K1I Jl^Ji V oll£ £jlj 
jl "*■ i »\i I pljlj jU ^JLutll Oil ^ ^Jcl <Jeua^J.I d al XH .**111 ^ I - l^j ,^j«uii 

■ _>ao3i jL^jlVIj 

<itSLU ol_>»j22ll Jtail ^ aQjlij (>-i5LLill i_y* ^ijll < iuil j 4lil-v ^ij 
Laa Jaia /\ J-4 Jaaujlll jjl IjJ-a-j JAJ jvjlf.l Uunl _jjja ^jlt < ' t ^ll <Jaau)lll 

iujla> t_iJ % idlllA JVvi*>. n.llj's ^aVl jjLS Ijjj J^LtV i_ijlUn 

. Ll ia jJiuj < Cijnnnj < JjSU JJolna ^jliil * J Jail I I fi La iV 1 al^ 


Ifaa jj^ij ^jllI oljjlLfl .(jjSll "talxall U^jll llaujj till < lillj ^a < (_>a>_^lal 
oHjjl ^ JV lj oil a ylajlll < cilljljjJI ol«. jiu% j 1 (jllllLi LuaLuil jj^l I 

Cilljljill ill Ufa < «±ilj Jj <aLaVL . ll^l I j*j I «j a ill jja'an ^ll I | 

pi a 11 n-ijl Jlli i ^ il j ill . <^>Llll ^aVl OuaVl^ tall ^uuLuiVf Cilja^ll 

■ ( jixyji* ^AlW-l <j5a5jll 
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Ijjj i jl ■ ■■ " ~ ^^JLt I j .laJtiJ p i il l (ji SjLLI jjl jl 

I j_A Jjl I « M -w ^j| j i ' a ~ 1 1 J. -J. it JjLi 1 1 n^n l_jj_o <2/-iiLj] Ljl i <i n I ft -% -a Ljj-i.1 

*2&L4j < ojjj-i uj-^J * J-=^U u>*jl* <&3 1 >» (*? 

dl li-A l iil )J"*- * . *- * ol-0 \ t II ^hl I 6jJb {J" 0 LlCrJ 

<Jj£ ^iX&J LujjLj <1 (dll j £~OJ * *0uo Vjj J—(jl * Jl I 

Cilj^jj-ill jjt -^‘i* ^ * 1 jl I »*^ o * IjJ < ^luijjill <LflL!&II ^Jc jjjj Itlij t 

• Kv™/*^ i>° 

-^aIVI ^jLfl Ijl ^-Lj^ i^y* lr>fl \/\AT^ 4_t^ ^I*" 

IjJj <<jLLL j_^I^ 1I ^/Y * _i VI (j^^-U 4 L,.j*tI 4 fll XH ^_Lt jjJ < bLix ji 

. 4 ic. ^j^aLilill Ull AJ 


fliditl 4 jjLulo 4_frS 4i i.ii ^jI ^| < rest-mass *■■ j^jjidl cuouij 
•iij ~ > ~ij lillj l— a - c u jAj • 4-8 _iai jj^SLU 4 1 1 11 ilL» Qj^i ull £juoj (ji ^ 

(jXi ^il£j <jl j iai Ijjt <-aUo]I *»■ ~j . UUa - <dj I >•*■ S j 1 <jtj ...» 

j i*ihiv.i Jil ^ im ~k 4(iL ^ m 4jELoll *j 1 »■**«... it j^lj t 4l*i^t l ^ I«»« /> 

^ Cxyj* up cpj ■ ulPju^I ct* (*.» »■■'> uj^u 

■ u5 —jjj-JI ^ rei l ^il^ll Ijj Jil jjli] I ■ lj~ " 

fjj&La j'i q SLU <jjjl^ll J pfl iiU>i ^lj La CiIj|jja1I JaLu IVX^» ^*11 \ ^I r J 

• J 1 ^^ 1 tP 

c£*±) u^ t_P-* < *■< «» e ( jj£ii\ JLij jjl tjiajj 

. LAil v. 

(“(jaiJI <jls * Li*i« l^j-a 4i1 t jr* I A. 1 ■■■*! jj] jjjl In^njj 

JSVI (jb- I j-*J - .AaJjll J-4 <-il ...-> Ja.j 1 ^jll 

1 j^J 11 1 U^ I'jp i_iSjlljui JXalll (jK I j] j>^-fcll Ijjfc ^ [xs\i>? <iLa 
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Frederick jLj jJlijJjJ I <N^A» O*« a dlj ^aj 

<j*o lj_»* J ii i/* jOi <J jJjj CtU % <~nan ujLaj gjljj (— N^NAj Reines 

4jtLJj <1 (j_)$-» <j| J^aII ^e Jjl pljj.l 8 ~itl jaaj J« •% ~' mj . lillj t ‘n^uJI <1*1^ 

(Ih* ^/YT'.jlcjjjjjjSjyi <K <ja N/NV • * J <jjLuua 

< (J-la. ^xaja ,jVl Jljj V <~x~u<- > ^all i_jjLajll ) £-ao$JI JjLS I jti 

4 j K 4_t^ Lfj n i n 1 1 a Ijlt (^G^Lall jjjjjjjj T*._JI ^jli >*■ ■ ^ 

jjjSiJI jlltV ^ < Ltl5[ Iji uiyuj . NYo <LjIum 

• iJI ^Lu* uJ^ -><-^y ‘ fj£ ^Laaikj 

(jjaalil yi <Lu> (jjila I—ftlI ^ 0 jjll f IjjB jajll jtl JluI jii Jjjj I La^J 

li* Jia 6j_a <jLa ^lj 6^) .iiiC. ja j%‘il Jij~iml,I ^.La5>U .1 ulj < (jjSJI .ilja 

■ SjJjaJI 4jjVj jl - ,jjS3l Oja < tjajll 
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— 0 I 9 - 4 JI 


. jL^j S^ilki ufjju La uu£j£I ijLjj jLujujS p) 

jj waII <^j— aJ <Ajjj I Lj—lkA,^la ^—L Lo£ 4jcl&xu)fl oLaljH JjjJal ^ :jLjJ j-*l (T) 

. (^JUI) .jaUUI jl 

* WlA <1uj . L-ujjj L«jjjj] if* aJj 1 ^jj-a) : (^"\A — • £) >nLab (V) 

£*OJU (jj^LaJI JjJUkj ifA f j m lj * U>^—Jl J—tai J—t I* jfeal l jl > ii VI jJjloli ^^Jc. 1 r l ■■< 

. . ^alf. ujI^ (iilui Lail <J CM& j2j . ^ ^0^)l< j-J -fl ^j|oil 

jAj±t <1 Vj SjjaVI <ijVI jj# O'^IaII l>^ju 1 jal ^IAtI JjaJI jA» » «J11a 

jjSIl j ar jjii ^|l I< yuaI (jajJI Ojjilill jaju JLU jl^ La^i t 4lui ^ iL ijyj Ol*m] jjSII jar Jjl 
jjiu jl 4 a£aJI (|jai < ^j SII jSb^a ^i| (J ■ <■*>*■ %j . LaiI i 4lui (jjxLa i_aI| Jil-f 4umi Jja iW-l 

. (Jfcll) . jjiVl fSjll 

^i| jLil ^ifl e^ill dljiOUafl f lii (jjjli Jkjj V (j[jikj]l j(i IjJ (<uLkll i } VA 4li£JI ( 0 ) 

• ^—AJjXI) • ^ ^ • 0 4l*ii ^xiijiill 4 _iIja 1I jUuUij 

IjjpS JAu j4jS :jaa| J^Loc 

. •juajaI^ JIa <JI ^Vu <jqI 3£I( oiLi : jaiii pji (V) 

' jl £^LmiI u \ c . CjI^II C&^Lt <cjUm Ajja* jaa i 1 ; ^JacVl Jjalll (A) 

(j«>*Lj . CiLipjjjJI ^ I*1 a <il££JJ ^Li jji irt ^bj : ^abj 

* 

*illail jujaLi . »^laJI j'»a <la ciItj V u>i -fci Ixa 4-jjjLaJI ^JIa ^•■• **• : *j «-•( . .ft |Vj 

■ 

• j-a.1 f>-a. ^ 2! ^ cOLaV I ^j-a. L|j ^jUl ■■■ _* t# jll [ jijll <Lc.j_mJI : Ci^LaVI 

• (r^ 1 ) 

■ ( ) -<kla3 c£*i (5 jfl UJKljJI (J*vb ,‘iw«itl i lmij <_ul£fl ^1 j£cl (^ , f) 
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J ni r jAuLuiJf J in & If 


j-djJI till 

IfljjJ Uj 4jutill (jla. 

^1 Ijjli ^juujj IjS f J» fl " ■ “tIj ^lAllI Jlil i .aiti^"i i«i> l£ I ftihf 

fi % 

<t-a.jj jjJt j ui fll 4jlaj Ijj-a j« iAIj Jil 1 u*»jl >i)l*ij, 8 lillj £jaJ 1 1J-A. JLjkll ^jll 
£~o — 5 nj -k ll JxS La j_$-paxll — Jj»l*-lll <jl£ Jlj^Vl t_j A»l , J 1 j- JI ,qa -ij 

i ^il^ill^ CiLIijilI JaLJI J^juiI v AlI a OIj11 iiiI 

J)a>j i_ii i hi 4 njj all ja until f- lj-^1 £-° iJ^LaJill <Kiu a ot iti'i 

~ c£“ u^J . Jj* Ji| <jlej 6jlil ^ * *U CiijJJL) 

J % ftll 4x0 XAkJJJ < pi ft 14 JI ^ ^iiXjuJI ClA ^jll fj I 1 y* jJk — 4_|I.V_JI 
• J^BIj ‘ A *i5 jLfJI t i i oTto j ^-Lballj 

i^VI Vj ^a^JL V I fl a isij-jg Jj J -v 'll ^io itill ^A j »,< ^ "Hj 
North Tem- UU£i\ <Uuil iiklil .Jkll <xulj^ ^jVl u* 3*1 Jf—Vl 
jA ^Ufl a^ill < (jljVl oljLXaJI oi.iiu < perate Zone 

U* jlJ J J ' »J j -i-Jj-ill uj-XJJ (c> « mi l ujj& Lulj JJaij^ p 1 -ft. mil 

J j i L Ullt jftll jjc jlfti La juUl Qjiy jlfill £_o l^uai Ail^uj J" Llpa&II 

j* jlfill <_ijlal la >K jjjiill Jtj ilj i JLaull jaj 

• J^Ltll Jai To • • 4iu> j&j ji<ift ^ sundial 4«.....*H 4g I. ..I I aji ■•■- i^*... l 
Ctftj AwJ LLfljll I lj-ijL*j jj£ 1 oSjll (julii JjLu^j Ci*w 1 I^i ojl> 5 ^J-a 
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Cilj plj-atl Jjl| jlfllll j>i II flj Jjl t> LjLfljl I ^-i-Mj-a. j.u O^C-L'-u 

- • f # 

t> ) <£.Li_u 6_^Ju£. ^-J j jL^JI ^ n ii i 4ain, e_fijL*_lil ^jjq . Li4^Aj <LjjL-uJL6 

• (fje^ i>°j is*** ' u ^ 


t If ^jLlmJL 4 m . .ifl Jjj . .«tl ^LSt j 1 " f 111 I ^4jll jljl_LUi Ij 

J,l Jjjo jVCjJI (jit.) 4 -C.Luj Sj I u f l jjujl Jjjj LlAjI J-kJJI ji - iii 0 iJliLj . 4l_uu_) 4jUjlj 
^il&jwII uLit CiAjll iq y -o * * i JiC 1 4 in. Lc. Cul^ 4 i luAi-til i Cilx L n il 

. 4c.Lpu (jijititj^_jjl |> i nVii jkj-JI jcjjjal dlijjj < ^dL&xull 


4luJI jij-4 |jjLs. Ij_uaaj Vjl= dlj!Lu>VI Ul jjc. IJ \ f LVl 

CiLcL-u Jj| ^^laj jjjJjlill ^Luulll I II ti t l JjU < jxaiij j^Jldlfl 

I j «i» d I * . I ^ iJjJal J-jlII I otcLi i-uKj t p i i *ull I j if uLuoll ^ J^ial jl^lfl 

, i iurtll 


p^Ui JjddaiJI - (_r-_r“ u - 

Ja£kJI ■ ftmill j| pLdjuull pljj.li iti i n Cj IjJ-fl oJultj jt i h i 

. I^ A la" ^ ~j |j^. 4liiad pL till Jjjj iq y d jd,.'5*il (£j^\ ilHlt CuK 

l~* (| ■! A \ -i. ij < x.l uj 6J-4 J l Ul J_fl i 4 tt l i j- i ‘LAj-S Jjjo i_ >^L i h’ij I J-njILfl 


U* 


4r l ... <kijil^j 4_ilajJI LcLJI 6j-A J.U-kTi 1 ii.lir It m dbjli ^i| (£j-lc cidj-a-i 
5 <-1 ... II 6 jjdj . ^j I j ~il I j J illl Sj-j-i J^Ja (_gjl juTi I oj 'if ^ Jl j ~i r ^l He. 4 j m n <m 
. 4jUd«ll cil—ajl ^ ci flj ^1 jLuld j-kj |jJc 4 x.Lui jhi fl -i hourglass 4 -i ^ La.jII 
J IjU ^J|jlil l jlc. ole. Lull J-hjj 4c. Luj J A I $'il a ajd JS < ji ii A iti <e.Lui ojl j I jli 


p I * ...II /| I a‘i |1VJ jl^lll p llj^J ^Jdill P Iddl JdXj l+ll 4 1.1 . IajI I 4 r L Illl 6jdAJ 


.^jtLd pLuJI I ni l~AJ SjdLt 


fjc. jJU-» Jj -V ~IJ J 1 Jjjlilllj jj ~i -\*i (jl (jSdiJ iiillj i-i>Ll. jl 

,4a mtiH jljla.1 JjjIo jt jl Jjjjill cujll ^jIupa j> o la l i l jjjli 
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jl water clock 4 _ij 111 «irl <«ll jjk <xcjill tii (ja I %l ■>« ji^Vl jL^-all (jl£ 
ciLcLuJI alt ^ ^ « a La ^‘hai 4_uljjj 4 <K ^ J clepsydra lj > ■ ■ •* »KH 

P LI I (<tl <ii» jaLl^jl ya jajll ) a v -o Jilaujj ^11 jljA (ja P ULI ■ n‘» i 

(j-o 4 -ejL j_>L ■> ~i <11 1 CuL£j .^Lill (jlj-all 0 * 4 -tLijjlj J,Vl jjlj-all 

oLljX i A4 -fl ^idjj OIj^^o ^J..^.iani - J^a^JI jj^aj PHI Jajt in jl^klaul 

. ole.Lull >1 l.t*h tl 

I ^*(3 * < *“" Culll ciLLull ^*n * 1 " ■ *■• I |ji 

■ (^lS ^ 0 * tPU^- Jjj-ijljjjJI p i *«f I j la' i p5 t 

mechanical 4 jJVI olduJI ■ 1 1 ^ *■“! j inf ^jI^II ^j dI ^ La 

OjL£j ,<1j -fc ~i « ijujJi LLuiljJ 4 -C.LuJI 1 1. 1 J a ^jlc. ■ .jl a all jjJj OjLSj . ClOCkS 

(J-L tSj^l jjl] <ja-“ (j-« Sjljl (jlc 3-Jj-lLI JLiiVI Ja-Sjj < 4Vi i n ft < t uaj-lll 

‘ cj"L“J^I V-^ {** UHA>*^ i —Jjl yi Uis: Uj .Lakli. Llaj ol^Ii 
11-* f y* au oJu <{£_)k.VI __j£ 6J-O J« - » lI Ij-^-J ^j-Sj Sj-* «.***il Vj Vj 

.“ escapement o^LLVI L,. A^ * S^fa^VI ^ £jill 

* y& JjVj '( j^n i^ll ^^ juta-xll JiL. jjJt ^ji u~>Ti 4uIVI ole Lull 

Sumer- jjyajuJI jKj) ,4c. Lull imiS juLi ^ ole Lull ^^le j Lie VI jjSLt jl^ 
LiLuaj ^j-JI oLIjl^U Iajij < «t e l mi l j^ajI ty* J 3 I p-* olj-illj <Lj ^jjlj ians 
^i g lml l (jl£ « Lukllj . < fl^t 0 J j j~i 111 ^Jl ^1 111 Bl <eLuiII iV^J .|k. j V• * * 4 *u.. Jii 
<uVujV 4oJS J^a 4 flj fiJ 4 aKj . 6 J ij c ^jluulL ^Auidl JaAj 4jV LluiIaa (jJj 

■ ( •-*?*-“* *5?* [ >'** "■’ 

■l ^l ~>~* a ki. i_yll j^-iuaiil ^ 6Jjuap_jll «Lejill (j-* iJVI oLLull JuAil oll£j 

• fO^ 1 CT® 0S5II ^yJe' 

(jIlL;] uLi uilj jjl 1 -ijLua? Ljje < \ 0 A^ <<■■■■ J^j 4 La~. ,-A i •».J 
Luljjjl£ ^ qpo. jl_u LjS (\"U\ - Galileo Galilei ^fLIL^. j .Ml ^ 

Lf* 1 ^ ‘ A 1 » oly*a Je duuljj LajVl jaj i.iiii-> XAj .-.Ijl.dl , |j| p Lul 
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CiX^jG fI^uj I v^LJl ci)j^_uJ Ljoll 6 JxG ^ jJ I I j^uii J-X.G 

J >iUj jl i |kli J-Sj .^jujJ Jjia Je. jk( jjoi 0"j-5 d>^ Jc- 

• Jlji=Vl <i£a~o ^Ijjal Lflj gtaJiSj U I* >J u^jj 1 (3^ U*- *13“ 

. SjjjLada 4 a\ oljiy 4la-ilZi Ada olj L nJ <Kja. A_^a JjV Ottiti'KIj 


a»jVl i^j .i ->■ jllin J 5 Lu> < Ci-il 5 < -a-?»jl 5 >l'nl I JjfL 


juaj I La£j 


< \*loV 4uu <j| J_u .A j L-i<-> 5H La_a.jVl CiflJ Jja ^Liif jiifll IjuAj 4_LJo1I 

(NWo - \V(A ) Christiaan Huygensjla^U ^ln...ji^ ^ jUiH jSjjI 

jj u^j L» <M>i £jl j*j ‘ jjjjIj j»ji J}L». II Ujjli 

<I>Ij il&AjVl .“h L< 1 <TLaJI tji Jli ylj .tj^lj (ja jt lAfl zinnia ijalj 
J^jlJI 4 jo.j I ^Jt d Lai ■ -ii JjljjVl l|^fl JaJU 4c.l_ui jii^U jlul «.ll.\ Jftj fll L 

. 4aLJI jaj^lu ^ jl^ia ^ djau 4liljll 4 aajVI CuI^j pin u 


grandfather clock i^ll <Lc.Lult ^_JI 4 _ilr jiLj jji jlaj La dij 

Cwaaj 4 jLaj 1I \/"V * Lila ^jluu J . I Jajla JjJjj ^). )~>~ii < i L 

Jja jnm ja JlaIj ja j^lui jja JaIj LLuJI ^lall j»J ml Jl L^-iV 4 jjIj 

. (<cLJI 


,jlja jitif jc Jjja jijTilil Ujjiall jljVl LLuJI ji jdAlall jl ^jj£ll ji 

jaLc. Jjla-y . <J| icLui J-A- fll £yj» SjJ (jjj&tt J -a II jjl tiltja C v'i l -5 y j < 

tii&lj 4aiia ji jl ^Ala CulSt L^-iI ^jjl Cil cl mi l AJJk Qn«a i l < \ VT • 
J^Lajj < ^jall yi <jjlall ja ♦ jylj I j It.t Ci ilj « \ AT • 4 *1 m J^laaj < jk^ali 
1 1~ fl .\ CaiadA) t \A\0 d'i in J^lajj < 4aj(all J^a \/\ • • J| 11 “lij Cilirtj NAAo 4 ~i m 

■ J (>» \/0 * ♦ • Jl 


(\V.Y — NITcj Robert Hooke <JjJk cyyj (g'^ tla^VI JLjjill i -ini'^ l 

Jjjl £-haj (J>a. (jLa^jjj JJ »~ i <jl ( 4j_)Xai olSjaij ) 4_L*id 4-aJy 

t5>*-ai Jjaljj (jljjVl Cy ^ 4j"j jJ .vLI .ml JiLi. .tuli iiaji J 
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<x.Lui' Jjl j-* portable timepiece n ~-« itL-u < JjjiJI ^ Vjj 

. pocket watch 

(\VV\ — N'AAY) John Harrison iLa ^g jjIVi V 1 oWI jjL-o JAjIj 
p < fl~* V «Cc. I ... 11 co_ual ^ <lj o 1 oLx.1 mi l &J h ^ I r Cil *«j i n -t" 
JI j U j_a_J | <_^_a.jLj_o *>',1 a i ii (JLa ^Jc. Jlali Jj I J « t <S_i tt j £ya I j—=»._£» jl 

yjllI qLc. 1 .<.Jlj electric clocks <u^SJI olcLJI Jj-o JjLluj oiLa(j 

LJL^j - ^Jc. S JjtjILo < 5 j iijjjiil CjIj jl I jl <jjjjlll ( J a* t 

J^La. fr * -v I j <_uL ^yA jl * L * fl * V ^ill t atomic clocks 4 jj jl I oLcLuJI 

^ui I 


jJh La . ^jajtl juLil 4—fljll 6 jA (J£l 4_a>LJI La JpI iii 11 J-flj 

S 4lu< ijll 1 a^iWVI dLiAtj Lu j| <C.Lu <Oitj I 

£\\ m "ill pi iIa f, Sjjljlll 4 -Ajll ^Jl 4 -j^LJI OfL^. t 4 -ijLftJI SL.a aJI 

^UiA| ^jl CiljUaill J* ^ iii . * * % a"t I 

<LfljJL-a ^ jj liAfli juuluill jKnl Jaaj . 4iiiJ ^"i% Oljtl Jij^i 

. <iilj ujAf 4-JL. 4 AJj Crfjtl 

j ll 6 jiUaJI 4 .a.jaill <_n -^11 pi f Lm Oil ^ «j Ji,f. ^ ■ i.til.jJI . ftll 
CiLLui Ci*b i irtl t J$\ <j 1 LJI J 31 jj . d K.^fl pLjjVl jg ^jll 

J£ (jli * j^uoLJI ofljtl . jxua^il J«i£ jii SjjfcLLJi CaxuII iJI 

^— L o i jll ^j-Au jl cJL^lu uijju 6.,ii"fcill oLVjll JL* <ljj ^ LxijjLS ^j-a 

* fJt*N 

O^k uni ji 11 4 11 n JLj 4 au 1I jJLJI ■"» »Ajlll a , *1 «U II d .. ..\IL 4 jI «Lu 

• d «|* | 4 jJ|LlLI Oiajll CiljA^ll 
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(r) «Xull jUfri 


v jlocl <1 YYA — ^jjjI j^JU .<&Aa t- jLoc| <Jl^ll J* ■^»* ^Jc. -j "**■ I 
.6jjiiLi4 Ij-A * ^uLL Vj < 4iui £ , o * *, • • * , * * * half-lives 


Xu . jLuj! J-S jk^ul j^ Jl ii ^jl (^il 4xui ^j ilo <_&]) t , 0 jllaJuVI ^li 

Jljia YY'A— ^jojIj^jII ol jJ jjft CuL JXc. jliwtiil Cilj^a JJc - Jj| <j| 

(<jjluL Sj^uuj .tJUaill ^aC ■_■■'■ j I ... ^11 |jj& j^j «0-ila <ilaj 6jJt 

Jmftl ^All uiiAill j^c jK <5 j j£l -Ojlill 4-u^ll SjIaII juLj 

. <Jl IjLbjc.1 


jljJ Jjl Cul£ d» >% c lj^ <L^Ja QJ ^IjVl cXaill jL&fil CuK 

jUitin CiiLS Lfal Lh* u^- *Ay*J-* Jljj ^ oljjll ^ t. Lui'K~ i 

< j*yi Jtj . Ou iXo <—alI i , o (j-ll Ji^ i i_l£j£JI Si j.u\ j irt jojVl 

Jla-J jii l^jo.jft Jljj ^ ■ jiu>Vl YTA ^Ljuuljj_olf ■ jkuil 

* * 

• 6j<iill 6JJdJkll (jjbdl j4 Jiul 0^1 < I tltlU Ijjlj IjjU jftjjjljjjll 


LLfjJI yi jlvtiii YTA— |kpjljjjlli fiLjJa ' «■ --■!I jl ac .I J£ juJi tillj 

u&j • iluujll <jljuxII cJjjll 1iJi ii JiLa. tdlj-i ^jL 4j£l iY • *\— I .^%jll ^il 
.4juiall oljjll J£ Lail < YTA— ^»jl»I j^ JI ‘ ^L=k 

Ijl < YTA— ^Ljjj ljy JI jo JJAjI jl flf I Lft 4li uujll 4 jluJU OIjjlI (JS jjL.m.1 

lolAo Sjta cljjSjJ XkjJ <11 ^ilj liAj < 1 0 ^>“<1 SjjjbAJ jiinih l^lU 

jdi^ill lAiaJI j ftf> 6jJi Cul^ l ftK <j| ^ lA u jl j^AJj .<ia-Ljuj^lJ oljill 6 J-A <> 

. YTA — I j^jj jo jL^I <JajLuijII oljjll j-jSjj jl£ 

YTA— ^juljjJI ^Jc. ) a f^ll n ^irtlI LAol tilllA < Jlill Jn iii 

(j* Jaijt \/YAl • • • • j jjojjj YY*\— |ijjjljllj . YY"\— jOJ-tjlj ^ ft t <11 jftbj 
N/YA1 • • • ♦ ji YY"\— jftjjjljl! ■ «■-»*■ jjftxi tillj ^Jlj . YTA — ^.j-uljj-JI j *^j" 
j—a < £—iljll (jij ) . <_!«< \"\Y» (jllj-sft. jl <YTA- jo-JI t. 8 o <* o j « c J>-« 
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‘i "■ ^ jji^i >.i j,.a c j,»j %j j j ■ ..yi 

(. YTA- ^1^1 

ujjlSuuj < I'«I YY*\— ^k^jjI^JI ■ °^a£p I * °jLx.I ^L^Jbj 

SjJ <Li| > i‘^*« j-aC. LoK <j| juAu clljJj . 4_flJliA_a j^Isj 6 jt-x^flll i fli«Vill jLat| 
Alpha" ^Ull ‘*‘1 " 1 * ^AMU <tli_A_a C1tx.L3t.jjul ■*«* * ^Jekujl^j ^LjJujj ^jiJI < ^j^_£| 
lit I -"-I ~ * —*- <iLL . LULiu cJJj Lit I pi a \ 1 u-% cul^ « particles 

. I j jLxl cjI * u"h ^jJU IJ-A <j-qj <6 J Loll LgxIjaaJ Jfraf. J_a <Jo^^Lu 

jkj__kjIjL5_JI jLLa_lajjV 4 J^ljJ.1 _u ^yA Y \ ♦ — ■«» ^ J_3UJ 

<4 5 i aj \ ^, V ‘ j-a_l 4 I Y \ 1— * La jj \ YA, i • q ■ j yf <dj * YYA— 

i i *rtt j—a_c 4 J YN £~ _Jlj <^jl l. i'tG * c.^.\ j-a r. <1 YYA— cuV lj 

. Luli *, * ♦ * \*\ 

I j rf*>flt l l 4 j ^> i ll jLlxI oIj ol^ All 6jjb j .^Vi 14 I 1 H ^j-o j 

. YYA - jLLxiul (jja culj 14 0^4 ^ ^1 < LfLw 

• c*—»L5 j-j-A . U . j J »j YYY- jlktiLil 

JjL$—illl tili-G J—jjj V lj—Aj t 4 oL .,.* Y t a .»‘» j_^_c ^A < Y \ Y— 

L*—Ij-C. j V <li — 1 . *\t Jlj^l 4 - X)j-cu 6jLa Jj—*JlA £-oj < 4_iAl all £ja 

— I ^ flj fl 1 ^all LJl CiLoXdUjXk 4 a . «L qa ^auilj d 1 -v. a ^jjl flat 

I I I 1 i l ■ J~* 

<LijLitl ^ya ( 2^0 X^l^tl i‘n J La jjJJ Sjj-a.jJI oIjitl I ^LliuVI ^j| jILal jjftl 

particle accelerators .-.Irj-x.. ^ U L,j .-. I .•■■^i^H ^ij . I . a. 1 

oljill tj-o j j Xt oLaJ—Mta. J-O J^LLjII (^uL^aII jjjJLa ^ Cil«^ 

‘*‘1 A A a .a I A \ A * »L- 


JJJ .4 a^ 1 A ClLflUa L^a L ii ^ jj ^ 4 jjA 1I C*l a mi^.11 J 

oLujjioJI J^e SjJJa. ^Ijjl ^y> ij&aj , ljblj^.1 ^Aj oljjll ,ji 

. J.^.a ll 4 AjLa i A.o'i j Lac. I Cifj ijjill ( *nJ 
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4C'^uu Jilu i j la -a j <iliu J^a^II u\\ Jljjil 4 ju_^uu oUunall 6ji Cfl^i 
■ V^ 0 * ■fie L^j| ^! Lv ftj 6 ^Ia) L^j| Ixi t I lujfl 

Cilclju jl till Ciljkl j* Lpiiljl <<ia Irtll Sj$^.Vl IjOi ijAAdi pljl mo 

. L^jxi ^jjll Ila. SjoLuall jlill 

■>£* * Sj—lit j-*j meson — theta ,\ <fy ->-* — LLu lajil < JJj ^j 

. ( <ulSII j« ejaL QjiLp <jL» j iijli ^ *~ \ • j <• 


plj — mi ll j it . j—tjll j-iri at I (j-ilnil l„.-vtl j—A Ij A ju vli liiij ^aj 

Grand Uni- ^ Si&^ll <u^laill jjjhi Yi«/» a-uL»VjlaJI (jl£ < »j» a.VI ^l.lstl 

< ^ ^ill <ikiJ.I ^jjJI ^(jj| ^a JaLu! (jl 1 1 ilr J^ai ^ill < tied Theory 

AjA^ll <1-JjhllI ^lj"h % i iiLj .li4^ii yll ClLfliLjJI (jo * LfJS I J - • —"j 

o*ij (jjJI (JxosJLl jLull jjuljjiill juiiml < Ifl jlf. Qjilki 

jo) SjJSL gJiLlj (_£j_o5xll Al&jll <LjJull ^laJLo JJj . bj juit-j A jijlit II j I oW I o «. 

jLa_ftiVI jo Culj \ • (jJ| Jjlau 4 jj_iaJ uu ■-•« Qj ilj_a.V (j(J ■ ~ 11 

. <TC^JI <Ul(jlo 4 jIaj »jil ^ij < pjJa*ll 


di*j 

J£u3 (jl jJbluu J* 

(jajll J^La. |kL^U Ja Voj IIja l&lj JSil ( ^Ju1a Jluii Jlj JiJi < Lo la. ^11 

.«Qilj (J$ <ojlj Jla. o.i 

sjjudl liA jiij (jl (jSjoj Ja j* Jl^uJli i J]j ^aj 

jjijIU .jklx. Jluu (jj^ll <iuiilL lilj-^u li£t 111 JjjlLI I jut jma (jl lii^ni 
Slii tjjlki ^JLolII Jjjk. j iUa (jn> <* I .<ojL*Jl qIxjj nil ^ ll-a. ^aiua JijJil 

Liij Ciljiu J ■ * f tjl A oil.jll jLojh^ J.) o a I d>J o^roll 
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^lill j| Sail 6jJb <bl^j Jaj * 4 ajJI 4 j-aIjj-o <.ajfl,itl <l£.LJ 

* (lJjUXjj ^L| Olulij ‘"*|j«■ “ jxu£ 6<L& jlf- Oj-fl I lii ii f. ^JjLu 

. Lbjj ^ , 0 6j^aII 6<ii ^ ^ Jiiil 4 jI i» 1 I Ijjfc jjjju 

<jl£ Ijjj .j-jS) J^ill juinj (J^loS jjS| 4 CrjduuJ IjI i^yuilall c>J 

d r j .ii V/A j 4 »** LUI ^ W , • • • i ii I jJu 4 jjLo^ 4AiS i ii ^_a ^ic. 

j^Jt j-oj ^jll J>ajll l -S-‘ «~ > ' ,jJ| >4 V -°-* « (pj-uoll 

J»1U kiju J-Aj J Cil j* ill Jitif itlif 1 1II JauLul <_Sj-uj .jjojVl £tJaaa< ^Ic. ^ijlla 

j 4 lw j'yJ i iiif ^ If C)l P i i nf I Ci l ^ i n 1 fliii u jiiif 

• ( ciljiuJI dt* jijVl (jJc j^a 

j^Jai |jL^ Jjl^xi lJj i ii fl i uI 6 ta 1 <*> » j^iu Jl^j V Ijjj 

ji Ltjiti <(c.jui / *\A f V | 4 -uIjII jlajJj£ V*Vo , • • • <ic^uii 

• Ijai <<U-L*| 0 £ , £ jjajVI ^Ic. Cija «U m^ i Cil^uu jiiir 4 ilf. 

Jo^-ixi ^ic. < I’l lr J i_u ii" fc Jiiluill Jflln j| 4 i^a I 4-jj ylall 6i^Jj 

jn 8 v Si* jli 4 l Q a 1-11*1 ^jllj 1 4 -Cjj.all tJJk ^11 4 I^!ill 4 _filialI 

VjaSx otc^uJI aj$J Jl&uVI ijfi fl* ,jl JajdUU ^^Jij ) • ^^ojVl gcJaaaa 4 jtjJJi 

. ^ 4 _iLa*JI 4 ■» t*»H ja 

, ijtia tfil.lS «f Ijjll jajILi ^J| 4 .. ,.*.H . La(j 

PJ i a [ Li * itUj J t 1 (jl V| l» ‘A hi I a *w 5 ^jll 1 ftUII jJajJI l"A«i 

L-o£ lam^ if} * ^ O^^K) * LuaiI Cij ml I - < liaJI Ji^i Ilij jaL Laalj 

<L* Pj^ii (j* T>V 4 S i i n ft ^ic. i. Si. llS* Ijlj . aj^oll 4 tt I «i*f VI 

) <jllj ^ \ ♦ 6jji o-oj jla 4_Jc. 4 « >A j ^^Jc. .ill I I jjh ,j a *>S 

j J ^ cr*—0-^ 3->'—^ u>^! a* t t » j »M I (>»j ) • ( 4 j~*l M l Jj-o ^a -tUI jj-o 

Sj^ualL p ^ 1 * 1 I I fey Lkll J-* ~ l *U jI-IaJII (g5 ~l1.1l! ( jic. SjIL (ja j . m^ a 

• CoVIt^ 
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1 ^—iLfiJ 4 ..juiLaj ^iio <till ^kji flll cj u*> 11 ^Lm_i.u ^ Inflj ( 

JjjI— flj jLo 1 ^ ilc. c*jLS ^Ull Sjj i^IL jig juII l*ilj i LlJI Jjucu " "- 

Jjjl—flj jiia ^ JULi VI ilLIj lJjJU Sla cJLL^. 1 J-fl OjL^ jlj j CmA^ 

AliM i , Y JjJ I ^ ilc. Jj1\ 6jj-i^JI ^ jL-aJI Ja>j (sS* U-=HJ • (t£>^ 

(]/—*jjI [J « fl I j »l g jlS a jl 3 *-***1 ^ * Arcturus ^t-al^ll uILaaJI * 


Jj-fl I fl \ lr ojL£ ^lll Sj^-i^ILi LaIjj <li.uli nlI SljJ.1 £^j-"k fl ^J| j_bij 

Llill Jjucu ^“i ^ 1^ ift jjL^JI gj) iAll ^LjljJu J^Li <_ijrk ) o«A a <j-cu X , V ♦ * , * * ♦ 

jSLu ^lll ftl 1 i7i| Ixil ^ij jhn LaJiCj < (1^ 4-L^Jall 4-i-la^ll ftjL&ll 6 j-A 

JjJ 5 oiL_S jjitl ^1L Lafjj I p * *<1 

Jjjkpl—o <_aVl (Jj- 5 4_L^JeJI C, l-tj |jj j i »j ^ai 4 i iti £ya lint in ftljj (£all 

, <j tmftitill <itjiivtl Jajj (jI JjJ (j‘‘*■■■11 

jli'i (jl ._i—» i ■‘•■‘■x < (JjaVl alji Lo-fl ^xaULI t ji ,t 3tiI ^11 luLUi 1 nK <£-JalLj 

. oliLuu JiLa. 

* *J- ‘ ^ 1 | <> J_lSi itj-XUJ ^JAjVl fjc. IjjtJ JjLuj (jl I i » t-l~i I III i _jJ 

Jjlll i All (ji a j~i hi o jjjij iJjjulI < (JaS Cxi IS I jajVl liXxaj jfj 

. nl i 0 - 1 ] ■ a.i.K\, jijVl ^jjL utl^i (|jl 1 1 lS o_t <4 j > lalll 4 -1 a 111 I (j*j .jojVl OjjL 
<(_J-I^m (jil Xul jklll IttJalul Jjul I l i t I t I UK < y_)al 4_p_a 
. Cali I i mii JxjVI 4 itl-kll tjkillj .ttill Ijjk jajlij LiV < JlVl 

i ji (jujlall —(j-a-Ull JLi -all jnIrf"i fl ijulai I Jlij jl Ii “iSnj Ji 

Lj^. jl T. • • iL-u ^ ,jjS; Laic. u^jVl jr>^j «j I ,->V I ja»j jj-lij JjLuujII 

S j X • • • 4iuioiK 

' J 

...I jiuull i J lj jajVli iLiilj i LLi itcii <nl I (])« lift (jl jaJJJ 

. J^- "jl -»< V\£ , » • • 4-il MI<| oLcLu (jij (4-iilill ljXajU£ T • 

.-.I >■!... i^Lj lili_iilj jj Lf ic. li ti» iAj time machine jjj 4J1 ^ li I ait 
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YX1 , • ♦ • Lie- .1 * f\j (sLuaill (ji j Vn- a lliiiAll , u‘u« 


jj iS^ k» Irti <ji laillaLj o-^jVl £-0 (jajll <H (jl ^L* ~ t ~ j(j 

jji lli-lc. JjlSi *' « (jaajVl ifLc. 1 *1 111 il l J-aj Jljj Vj oLc-Lui jjJj 

lj£j jjll j^Jc, Jai^ll ^ ftLja.1 ^jjl CiSjll ^ jla^LS YX fc, ••* Jl <iLu -0 j£ui 


4c v jdui j« jj^l 4c.juu ** “■«- ^ikj 


ili a lilj -hll V jjV.LvaLil 11 a Ij j ia i _^j£| j-oVl (jj 4 j-aUL ^5 

jl i.i a 6j-aJLI £-aj Sj-aJU Jj A Jb- !X u lia ^J' <* ■ ' *» LfjH (_ )'■* <Ti ll 

. L^tC ClljaJll (jlJJ A ik « <£ytay> 


(jjl jjila—li.1 j4 j»«« < La <iJ^lai 6 jjh J£ jjJ 111 In t i m l I jjj 

al LH dflIL ^aj|| jj£ ■ »ILi« ■*» * 4i^|ljj ^LlaU Ajlla utlliii j^aVl (jl 

JL^JI ^ ^jllj — I ‘-~‘i lltj i_ilU~ijj t IxA-tll ji r. JLLu^U 1 ^ ^Lai ^ill 

. 1+KSjSill 


d .*1 VI. ..Ol Lai I JLiall 4 i/l fl B . 6jj_a^j_a C*l lAiijj Jlli ijij Sj^Lcj 
j^ai Jj ji ^1 4...i. jjt 4j| iiit i 6Jai JjLj ^^lALLI ^1| (Jajj Jajl 4aj.nH 
_jaj]l Jjj^j jj^Uaj ^^jc. IfJ J j itilmj CjVLa. Jja*JS I (Ja*JI llfj ^Li JA jjjSLj (jl 

. the principle of causality iaJL 

. i a ~ 11 Ha J ‘ Lula I ll|j <4_l_i_Ljui1I I* ■ « J-Iajj jJ -»■ <4jLj-ill ^ij 

* *9 

jjl Lf ic. - ^iLlJ Jljj iLi I J« « (j lj-al (jajJI Jj_Skj J» -> ■ JaJLLutLI 

. Jilluill (ja J^l Ljjjj V (j| — l *m l f 

— jjujjj. —ujj| Ijl » Vl (jj—iduja (jajll (jjiLuu (jl lift Lujj 

Iji (dial L m h J . 4 Ha ll Jaj (jl (Ji 5* » m il ^ji-» 1 uj V Ij-aJ (jl ^lii Lajj jl 
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• ij* * < «H Jj— jdli^IUuj *ilU fJLd r ^IxIL^^LIL^ 

• (r^ 1 ) 

. (\1o*\) J^lJijI jotijf *^* 4tL ^jlil .(fjil^l idb fJlfcj jjtjjjii : jiajli jLuiujS (Y) 

* 0 

^■jll jl C lijj f LiiiU joSlil i L* £jj Jj-a <i-UJ (jji ^jL (jjll : ijtftlll ^JU (V) 

\ WY LmjKI — »Lj^flll ^ ~ m * .^c.LulYI iJIajII <^jjj tCui * *•■*»"■ yl| ^cLulYI l|LI a\ J ^j)UI 

^> ml I | *ij i O-wu 6 Iji |jfcll liiYI JlaalI ji ^j-kl^tl bjj b I^J I ajitt Z LAll ^ * *“ ■*- 

<J»J4 till Cil,»hn>j i^jjM (£j2llj In | HI iuljZ ^ 

. ■ Vbib All 

C*UjM\j *j~- -Ml .-.I a ■ ....^Jl ^j^juu] jl|^ : -~‘l ■■•" ^jjuiia (o) 

. fajil I) . <L£ai j UbfaJI ol jji\ 

. ^jjllj . jicVl ^jiil^ll : jiitlill « Ouikll jC ^JjVl <iij uiVl (£jlll balj£ ^IbjI (*\) 

%Ji5Ull Jjjlj :(|iluuSI U»J* ._■■ -*■ jL jAji(j^ill bJA J« Jaii OUjI tlllxA JaifL (V) 

. (i-iljil) -ti^b > ia*A ll JjlitiJLI /iLbaall glj^ullllj juuklii^SlI 
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j >>tf ^iLuJI JirtiH 


speed) 4Xj m II 


— ^Lja LtiluolL (jjjJII jjjlLaJtl 1‘tf.J Cilc^iAjll £y» JLjLm jl Ji2 
{ jlc. «LiAi)l ) (jISJLI J^La> JULuVI j ^«l l Ci** * ^1 ^ « ^^Ixlj 

• i_jl3£ll Ijjl J^L. Lil CUJ La£ ^kjlu j*j ( J«ul 

1 1 alnii 4 al mil (jl — 4_a.ljVI Jj » a !jjk speed 3 ...H 

< velocity M-iaL&jVI 4x.jiull lj_i .< ■« jn n tlajl <c.j_uitl CuLS Ij^j jn « 

Icj^uJI ^Jc Jia *11 I.1A |^l I inj •> j </•» i Ij in > <llfj £-aj • 4-flJ j I jJkiAjt 

.4jjL jjL hTluu 'j+i <c_^uJI Li < s p ee d 

it 6 j j j|iL^ ^ic. ijii LjIj ji will ,jK 

* oijll JljJa ^jVl 5JLl5 JjV I f J-i Jii3 (ji-i 

o* f\y* if* lS>“ jjj-Bjiil ilS ,'tiSLi (jL^.1 iiILa 

(j-°J L'iL j u oljLfA t_jl ml^ l jl Jl « ~< -* VI ejjjoll Jat.1 (jA s^jJojJI 

i Ija Cert wheels uVjj uilj ^jjIIj * * •"»!! LajI j^*1 I 

• { ^JiJI Lnli IcLajI CiuuIj Cilli >jj j| i_iLJl oK>JI tii 

jl ft iLLtl ji olj l»jl>^ Jjiui ^tjjlnll uLiail ^^iil jji jJj 
(_jJj LL y jji I » j V < LL UiAjj .S uniJI jIa l^AjLj jlu Ljull tii 

U ‘“1 1 CiLutl (^UJ jjA. ji (£j-aJI jU a (ji Jaji <j(_» j-*£ 1 Ljoti jLuiVI 
• Cil ij l nit jl LaLj pill >jj ijjiA u* <l^la .-.lil ...I ^j^jJI 
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L*J >M t j| jl Loj ££jJI j^juJLI CuijLm £UI 

.(Jfi^Aillj Ui jJ til lU.lll 4JVI j| j!^A* Ldft * *1 hill 

IjUjIj 6j <tlf ^luJJ <JB tflj (jUASbJ 4cUil jJk fjJLO^il^ JJjttlf, ^ulaII ^JLIjlII 

a <c,LuJ| £ \ Jml jjjllj <*LuIjJI 6jitif 

11 ^ l^JjXo j *t£j m J I Jajdti^JLa jU 4iLuiil jbjj Lalit < nX^ll ^oj 

\r.o ^i| Ji^i 4cjxu (4uL TYfV j olcLu« £ ^ & 0 * J J&duJll 

* <fr 1 1 nil Ijlo^L^ 

J , 1 ijj .^wll ml j«l —1 11 ^ * ft % CljL-uU Ijl t 

4j| jajIaj <H JIjj 111 iij < VyL ^j^II olil jin j»i£l {j* marathon i j+ jI^LLI 

# * «» 

jc jij| I « »*««• < Pheidippides j - 1 “ * * * I » I j_*Jf I ^,«ki ^III <LiLuJlf JLu 

>* jjjjLU jLf-^ J>laj • f ■ j ^ Ijfjl ,jJL*V jjjljLLI iSjaji g-jLjj 

J1.n1 |<jj(j TV , *\ J JjLSj A j 4 rt ... Y jA J&-111II j*jllj < jxtjl £Y . Y 

l> LujJij 6 j_A \ . A jo£l ^ll «1 tfiLuill ljldftjll£ \ ^ , V <£jou 

.J^uiil ^ joja, I j « I nftt <j| ^^lll fc^JI 

(JxaJII (4£jjuJI Jcluijja jIj^j 6j..n^i CilrLuLft ^Jc 4 j( 1 ^jlljUI jj>j 

^jA Ijlajii^ Y \ , A 4Xjxu Iniiij^ftj 4 jj1j T* , A j Oaj TV ji Jjc Cll^pJJ!/C 6 jj!ia) 

fi 

0 \ . \ j jj(2j X f yA Ij» 1C | jlft^Ii5k \ , *\ J JAi OLjuu JAj ,<XrL_ull 

6JjL 4 jLLI JLljuiI J-!h mil .4 C L.ull ijA Y 0 <£jjui Jauij *u 1 4_ljlj 

■ If.linH ( ji IjlnjiiS Y"\ . 0*\ <Cju JauJIu jljJ \ jA 

jaiui tJjL <jlil jl 1111 ^ J j J U J JaujL* j|i 1 ^iklLj 

££jtl jnjll 11 1 * w ~ ^-1 t \A"\Y I nn jjj . jjjLuJI j*« ejjll JiA > ill jjil 6 jIj1uaV 

Ja.j) t SjjL jn 11 nj iuunJI Cn^lxj tjjL jj*iiill it^lc. jn iiLall ji nljc <*Ja2 

U& l^ujlA £ £ . A Cul^ 6JJ 6 JjL A^u£ jilaaII Ijlii.ii n ^J l| *« -» ■ ^lil ICjmJI jl 

«j iL«l j I 1 ll' ij |A 41» A . L|J fjjAJ j| ^_lWl III J <Cjl4l yjtl |‘|1^1 luy 4 ? f L il l i 




■Cjl I Ac. jl n ~I r. VI jvkj-o J^La. jki^-»i jl m i ^l jLS 

i . f.. j ^ • ♦ • <i“ jLtaJI j^x^jjji jjyjjituVI jJaJI jKj • J^l ^j U^° j* Jl-Su^U 

Ijlc .| Calf- j ■ ■■ * jjLuiil jjj IjjCj I ojV CiljljJaJI A jxti.ilI ^ 1,1 Vi t nl Jjljj killj Jju 
. ( Jjj -y a JSL jixxJI 'ji jjaCjj IjiK j* jl ) jt | m i Ai Lj L$J ^ Lilli jj Ajkimj Lm 

j_ 1_S>| *? ■■■* Jj_*j jl Ljl 3tlI JI—1 -hi1 ml < (£jl_ftll ^Ixajuui^l 

<XjxuII !jic. iijjll ^IjjVl <x^Lajj jl I-^II ^ikiuiJj < jjjjLaJI jiijll ^ilr»*i ini Loua 
■ <£Loua oUL. ‘I a J^Li. jit J i iiit I ^jic. JjjHi jl i.\*y i- i^j la Jla ^yi 


jLua-a. <kuiljJ (jJLajli ^ VA, JLi-ol Aj^LjII jl X I ^JLLaJI ^ >»1 i.lll jiljllj 

^1 lj * «jl ■ ^ 0 0 , X 4 r J i ii L...J~ » OJ £jllj < *ilj ^ 0 J jjLlj 0 jA jLj-u. 


I^ILa *\ t 4£.j^u jfl %*1 jl Sj-L^aS Olil.iu a jLaJI ^iItm hmj .4x.Li.u1I 
Lfl J 'V \ j| ^ «t* » « .. 1 ^Cjxu j j* LiJjJU lXuUJ 6jdA j ^UAi ^illj < <xL,.ull 
■jia^LSi N . o cjULJI 6j^i jL^JI » jl j^ajj i jLoil 


< jl i j.*JI jLn"> ^ j^-Ai jl aim ^1 CjL^Ij t"kll j* JjJjlJI J-ajj Vj 

•jl i m i jLrt^ jl ^jU"i mm Lftjj (£jll c-*JjV li 

(£jabj uAjLL j jljxaJ j^njj .iL^Jo CjLflLna jfkStl ^^Jc. 4 jjJj5 Llijjji 

NX , A p l n"fc j ^^-Jl olji-ftll j Cj \“y m JJjj (J_^ia| Cj lj-fl-flj jkjJLt j| 4 ... &**« Sl^jJI 

. jLiif jl i^-\ jy l* j| (•j 1 * 


I <L»L*jJU .liLljj ^Uill jLsLui <1 jljj -> ^jU.~ .... jj ^jujAll j^j 
Lf^l ij-B *iL»i . itLjJI Lf -S IJJ_Cjil^ V • <Cjj- u ^jA-fc*! Ll...~ L^j| jljilL 

. jjSL- ^ylc. Lf Jc. tfjaj ^ jiK ^jx-ul 

jj*J . jl ' «1 ~>l l jjJc. ijj-A-JI JIjillj (jjkllj JUVI j^ 6JjJX. ^Iji| ^jU~i ..I~i j 
(^ilj-oVl (Jtjll tv> J.UJJ t <X.LjJI Ijj-ojL£ “VV LcjduJ Jduoj J a -kVl ^J.lkll jl 

Lajjfi. <X.LuJI ^yi jILa jl^ N • * jx> »_jj-£i 4x.jjdU (jll Jduaj j] J '_■ ■ L» ^Jc. jILaJLI 

° • 
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jij < 1—1 1 * | «I I jiuxi lajii'a jjll <yJI oliljjaJI 6Ji JSi 

C>* ‘rMH^ SaSjll LfJjLuij 4-c. j-i-JIj .< iln.n » <j-^- <_ v*J*~ ‘ 

jj ktil jLu jj(| jjij ip ULil VLu»l Lft jJt <c.^jui lijjShfj i ^aJII 

■ 4i t i4ji i 4 l^uj jjpjVI ^Jc ^UlII ^ikuiu 


tlu*w 11 j 1 lul^i l+l (£y^l ^jjJI ic^wlL (£y^l ll <LtU “La t^VI ^--yill oi^lj 
Luajl t a j| j| ^j| ^kuyy 

■—.I iul ^Jk*i iii*i V jjll <<jLallj Ciu^llj jjajJIj 6 jj« iiaJI oljlj iiJL ^Jj^i (jl 

■ <c.jdku jirt ILl f jU all 6 Ijla-o ja.V jl 


JajoilU :J 5 iL ^1 ^j_aJll Ci)L^i (jn»j gj U*i in*t i ijlj (jj« ^Jl ykj 

Ij! 4 lLuiII Ij 0 0 i~j ■ ■■ i ijz (jl ^iitni i m | jilirt ^ i yJ I JUjui i u. 

. 4 lll^ <c.jdku 1 j * 1^1 (^jSjj^VI LUjVI <Cju jjSl V LujJ l llllj 


.1 | all ^tj-aJll JSil i (j-ii (J£ ^Cjj i Ciljlj _ i ik ll ^jjuil (jLi idlj 
I^LojiiSi \ • X (jJ| Jaoj ijcj i 111 ^_^}l ^jkiiiii ■ «■»■*» <Lal i ii n jyJcj . jl n/ill 

1-1 uni ( jjlaJI (ji^ I jl jl J Jaii SJ_ 111-1 a liltj iJit JiLa. plalalf JjlLu jAj .<c.LuiII ^ 
<ili 4aitt. 1 (J^La. <luujii j La-111 jl jii-ill Jfill ^tiliiii (jj <iV i ( tjJC ji*j La 
4j| VI jl j ii’itl Xflll Ix^pu <1 (juJ 4_i I (ja c._^JI ^jlallj i tjXe ji J mK*ij 

,^Xali <Lalja ^ilriimjj jj&l Joaj bjj£ jj 

(^jll <Le.j_uJLi (jjSj (jl JLa. 4jll (jilj i pill jO.J a *ij (jl (jl.j nW I ^jk‘l nn j 
Cijl i u*i I j j i <Ilk i.i llritij p lj_J-II ja <LaL!aS[ jj^l p Uli (jajV I (jJc. Lf! (j^aj 

i jit.’i^jj .plj+JI (je. pIX f JVa. till i_« » uiV l ^rim \ i i I £ . la > 

. <jcju (^alli pill Jaj ^LLuitl (^k (£_>a. La I jl ijjixall 6 jjl Jlall p^ll 


A, ^ CuU *LaJI (J* (jLuuV C&X 4 * AC’JMI (j-paiij 

. JaiS AfrLall 

Cl l^j (jjo {£jA.Vl Cl li lj J-aJ I j 1 pill <^jaJl (jl j J l a jlfi < lillj i j in i llj 

i ja-*ll aLial ili|ia Ciijll JSi jl n illli-A Ciinl f j j'v i ll ^11 Ci j k jJI jLaJI ^jll 


360 



•Lf-il W»■ ,UI <LajLL> JJill I jji| i tiaa |» III Cil j LjjjJC Lf +-i . JuiJl Sju-Ltu 
. 6icLui4 JjLuijS JaAJ cjIjJI jl Ubjl^rt jl 

jjlkllj j*> ill y fcj ol M itj-ui Jlj^j V < liA 

. <c,LmJI IjIajLS 1 * jc. ( 

ja jiulj t J»» j£k ^1 £( tjll 4jj-aoll Ciljl^ahll (^o JLftuiVlj 

6 J-A ^-u <jj "*• pLilji^H £^ju«I j I eu^oll ijljl juJbill 

. Ci^iirt^JI olj^j ftj-ulSJI JLdUuVl jju 

4lLuJI ^A I^Ls^L^ 0*\ 4x^luj jaall uLifr i £*iu j4j£JI JjjVl OjaJI fjl J&AJ 
<ijij oljljjt >j]l ‘i j fl iillj i jL_aJI £j_uil itjju ^ ll iAj 4LAj jjllj 

^uluu ^ CiL Uj> 11 ^yl jiaiJ i i"i ilium J ^jjljJtl ilium Cj I .<Cjjai 

^•J .JlLVl ^Jjul ^Cjjii M l« ^jllj <£.LluII ljj_ojil£ A* Ji^a J «*j ■ ■•* 

^ijllj li H *yi ^ lx& L^Ja likj jj ■ -»■ ill a iii J jiiiiiuJI ■*!« ■■■« illlj 

4lLuJI IjjajLi^I \ \ * ic^iii 6jljfl| '**1*^ * ■ » JAi i ^L^uJI ^uiLaII 

■ jLu^JI tl^kll (j* ^^uil 

JL£UVI c,Li , p 1^11 <> jUill Jc ojli. *111 ^ Cil o*b 

• ^ISljJI Ia£ 5cji h I I Loji jjJaJU jiil jjj AjuiLia 

■ ch® £,>*-“ I JfLII 1%l ^jm*< j^i ^‘u «ii I ^jLuixa I_ ja j all dul^ Ijlj 

jLi^lf La. La£ I&JII^II Ol^jkaJI Cilj ‘-ililji^ll <£.jjuu j it-i" C)* f ji | \A 
uijljVl 5JLa. I <L$-Ia olj-LS Olj_aJ ^Jc Sjj-Sil J>LA Cy* ji « ^.LjLIII jl 
.ijlllall oljljj -a . I L jjSu La <Jjuul ^Jk oLljjaJI tikj . jij^llj <jSj yaVI 

jjIoj jJI <LjduJI jc* i*iib>*ill Ijj ucull jai C)l j ■"•>• 11 <■ ...»t li Lai 
0~a~i La Lai <jJl illj^mlf (ja jJjxi . I j 1 fj m ^ <Lulj^JI CiljLilll »l | ■■■! (£±-aj Lfj 
Lh-*v>^ 00 <>® j^l (jljf—LJI Sj ia> <_jl >1.1 C)) 5jjL_»JI i_ijjJoJI 

P Ij^ll 4-ai Ci£i olcUljl ^Jc j] Sjaaj Sjlii jjjSiluj oc Uaiml Ci\i (<cLull 

• ^ ^ SjjjS <^jlla 5fj liii^. 
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Ljj n * i jjl i olj it i - t l l jjSi (jjj jjx Dragonfly i_>j< n» illj 

<UuJL S.kiC SjiTiVtn 4-1 j] 4 \.. i V........ I'J V.» ^jT. I r- 

Jj !_ ]»*"» 1 <C._^U1J jljoiall (jl (jK Lujj . IjJ_o • , V £_Lu 


. <c.Luuil ^yl Ijl^LS V* 


SulUl Jt SjjaII c<jjJa JlJI S,.\j->^ 1 I 4-11,Gil ***■! «|j«"-H b Bats (jSujLLaJlj 
< 4 x.LuJI 'ji l^yLajli^ \ 0 jjJk (juLLa. (_jV 4 -L -k .Ajj n <Lc.j_ua Jr.lj , 4 x.jjuJI (jt S ■-■*» * 

• £,>“*1 <>• J* J** 


4-C.3< 1 II I J ! <-«- > itj-uj Jja jj£| (jjll (jljxlall oLtjJLUJ 


•(j^jVl <aj Jc Ci_Jn Jill SjjUall oU jl-kI I £jdUil jial Jill 


4cLull 1 & ^ • oalj Jlill J««■ ■■ Jc. i swan <«<■ >11 <ic J 1 “ ■**»l^- ■ •■ jii 

^ . nfti j i 4 lIuJI ^loj 1 ^ \ * * Canada goose 4 * * »^lI I 4£ju < Lu^jbu 

dL t i jj > i j « Jil j i ni l i L j .ft] I j« I j irj-ui ujoli 11 5‘)jjl jlj jii 

. JJol 4 aLui 1 l^*f,jAji J-ijaljj fjl 

jjLta ,jl j-£j J-La ?<Jjj£ll SjjVI J J 1 J Jj L q»Aj )» -kla diL g, fl dUj £AJ 

I^IojJjS \V- Jl J.,^~i <tJu spinetailed swift j »~...l l JjjJI jj a. 1 ....I I 
< ii H . *\ ^ lii Jjl Jy !4 a j fljJI IjJL»jIjS X , A j« JiAil jl < <x.l a.mII 

.Jait l^dLac Jc 1^‘f^ui Jnj«*i Jill 4-inJI CiIjjI^II £ jjjjI jjLUI Ij-A j*~« ■ 


Ad&lt jj£- pUJaVl 

ilUj £-J>J ijaj itii jjHim V jJI-4> ^11 CiLul^ll 4x.J_i_u (jVI JIa. LLwilj 

. lija>j QLuac Jc. jLuVI .1 »*nj V 

Jiluil JJU < Jlill Jjj.hi Jt < JjAAlil jA *111 Jolu jLlJI I »jVj 
iLa-ilj jAoall Cyaj[) ■ ft J hi -k II JjVl ^LVl Jjla jl jLuJI jLuuVI 

<jLuWI ^lij £ <jL^_lll yy .4_taJI jjt <SliaII Jlja»Vl JjaaI olilulj j^jll ui<i» 
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jLuuVI < jUI J in <_JLijla J-uu ^$1 Juj^ull J«*1 mJ J (j*-aaJI ^i jLi 

.j.unM J&l j* O^Loc Jiluu Jljj V 


4«ii^ll i_ijl_jSJL < La jjlio Jjfl JjaojJI 4tijJa ^jjujI ^1 

* 

<t_^u t# Jci JjSj jJ t •Lc.jjm jLu-u ^ <>» 3i>* 

.<lLuJI ^ IjltjliSi Y\ , < y» j!&| 


Sj-o — ^ijit jy « ■ ~i <■»! <j£La 1 4 n a ..i l l J}Li 

JSC. Jjljj • ( ^Ij-ill jij fjlc. ^Ljll ul cfl ) < .» S_x>-uaj 

I g *l.i -»■" ■ -I 4A* ylo Cul^j * I 4 jXJJ jA Ci-a iinlj * 4 Ui i nt I 

► * # a # 

.-.aa-v \ A^ • 4 * * it i Loil jjuJI Cil nimrt'i i4aA Cl ilJai . 6jl|A jJ^I 


UjUjI alut 4-C.L-ulf lj" *jli^ £ • I* La^jji Jaiajla ^IjjuJI ^JauLtiU 4 1 ifti u 




i—8 ■/>'* SjJ. 


c* I*j «H ~v“ I j a If Ij-t^jlj I > i -^jl yjll 4 jla 1^1I iiLUl (jj-i < 4jL^lll ^ij 

jl JiJ AiLffcJ lii ^J$ i4c^ujlj JUI Jl i"J-wJ 4 iln Ci *VJ i n [3 

oVVI ( \A\\ - \vn ) James Watt Uj _. -> ^jilvLaiVI ^olfLI J^ji 

Sjj_ilL i«* La LI ja jjLS ^jll iii.t ->ll dJj 4 WV£ 4 j 111 4U imiII 4 jjl ill 

. the Industrial revolution Lc.li.aill 


Jii i n* 1 ^ in| a C*il£j 4 4j iL^jJI 4lVL ^Ljl i*i‘g JL^Ja Cilj j^Li 

John FitCh jm*J8 ^^^aVI £^as*JLI jjiLl 4 ^V^• 4lui d«*a...II ^ a* I Jlji 

Iji 4 jI JUa . LjLaj i^bl i*im l til 1 n i OSl iLjIaj 4 *II« »« J_jl ^ V^A — WLTj 

«j c. iii_ij -Jl jit Jt5 ,jA ftlij^j ^jll Robert Futon ~la ci jjjl> u ■" * * M. ' 

. ^Lajj Jaju 4jjl-aj 41i4lui JjI jjIhj j^ill < Clermont Ci\y> jjJSJ I 4 (ciLa»l_jiJI 

ja *JjVl ■ ' * » t l J^LLl 4 1 >J j r Jjl ^8 4^aJI 4.1 J III 4jjli_JI ^Laaall Ca-al£ 
LfjjjA oil^J .dlj jai jl 4-C.LJI I JSutjlS ^ Y {yc. Lfl.ltJJJ, Jji jj L^aI JjLIauI 

. L*Xua (jia. jl 4 jjL* ^LjJI 1 LaJac. 4^jaJI ^Jt LfjJJA ^ d....l...VI 
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(jmuC. jjjilI ^IjVl 4-ijdull 4icl^-<uuJI Q u ^ JAj 

oljj jfcht ifl be- Lfl ^ j i, I oWI Cilj 4-C^lil ji_ujl Jlj ‘ 

{jjft Ipjj SjIj^loII ^a^jb jLA__JI ^ijJI uJljj (jjt Vjj ot-cLijll 

ticlj^uuil Cuil i jJjxuaJI jjill • IjfcLiAB ji«f ^liiLJI jj^aII CiLuHUui 

.<Jutl JaJ JjIjIa J^iui 

Oj i f. jJLb . 4x.jj u J I ^ ir Ij^il I * all lijUull ^LuJI CkflU « l ^,\11 ^bj 

<> Jjtf tf* ij iJl ^ jlallLVl N\oT <lui ^ Si^lll oLof^JI 4liiui 

clt> j-^LLa CjAj . 4-cL m ll ^A IjIajIlS *V\ <£,^juu JiJLojj v jiA*^ ^Ll %blj 

6jl i ijft ^Jl 4^1 Mill lj_WVV 4 ljjui iawUJjLo jl Ck^-Llaijufl ^IjuJI 

• -^Lj j\*J 

jla-iVI Cit-^ljAil £\_^ujV j^ui < ^ill Cil^jidU ijixi ^lij^fl Jl^j Vj 

Ij^A \ NT I Cilj fljjl | ^£.^JUI i^-fiL-all L> I 4jl*^ AT ^LJJUU 

IihC \T * I inla> I <,u«a> Cujb^l! ujUall j* 1 - 4xja4i C*-L/ >jj < 4C.LJI ^ 
^ ji. jL„iiJLI j jLuuVI ^ * ' a> j)i < (2i*ii < 4, ju ftjlf j lc .CcL^il ^b 

.^xJI 4jaJI oLijl^ll ^jdbul {jjft ^jJLaJI CUB^II ji ( La^lp&jJL 

I^B I ^ B flyo jc Ij .-.alA, i J^itl |^B <lal£JI 4 aLUI ^li^luil jli * j-Jl 

< O^liAjJl ^Jl jJjAAlJU ^i4till jl^ JIMf ^lilLJI jJ^jAll .J ^ ill 

ciIjIjj-^II *1 ^ ■'“! ua! j-Bj j . cjULuII jLiaII c^Luic jl Lai 

. ( IjaJu-o IjjJ JLft^llj jXajaJIS 


Richard Trevithick dluiL^i j^LulLj ^^JajVI ^jIAJLI jjlS < \A* \ <1jlu 

<1VI 6jl Jaaj jl ^Ualjuilj AjLuu OjIAj <Il ^tAj ja Jjl ^ \ ATT — NW\ J 

4 6 Jfl a 1.I Jjt jAjVl J^B ^.1 VH JaJU jSj ^1 SjluJI j) I^UaUI ^ .CpI ^l ll Jjj4 
ilLxJjj . oLJallj JL£la>VI ^Jc u Ji*ilt SjijS 4jlla >*ll^ 1 hi* Q*>l^ ^n> 

. <iiJa n jlxiAS jji jj ml cOLajJI J CoIajJI 4 j A 111 I J^Ail <i| 

. <UiJaII dKmll Jj AjJaLfcll iaBB tilljj jAj 
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U l *v« « ^|| 4>iiA |^a juiifl |_p4 (iliuAjj |J t ia&JI F^uJj 

George '■« ^jj-a, ^jjLjV4 ^1 V iII 11a dtjj *uj «4-c‘lj 1*^1 

4 t \ "wll &uJ\ £\ dli j-ftj . \AYo ^Llu ( \A£A — WAN ) phenson 


4 11 ^ ..jH ^jJjJaII JluJI Cul^ \^0 • ixuij \Ao * A 11 m .4 XjjuU d * 4 * .* 

. ^Axult AtUluiJ 


£ V jC jluL ^luLJI CiLujj-ifuC. ^JjVl CtijiiaAll JjJ 

. ctlluiL^jtl L-f-JI oJljl LbJ k ICijlj La ^Lcj^uj t 4jC.LuJ 1 
5j-ft JbVj < <£.LuJJ ijA IjJLajJjS \ \ Cj iU 4_c,_^iuj oljl Inflli * “ ( NA£ * <lui 

CjI^ji ii> j£li jl <jljTi i» <»L» jl 1411VI ^Inwnl ^Jjllll 

^iij ->j Lfl ln.^i lILS ^ij ^jc. |Jj la.'kll ^UiLwIj < jl Willi £)l - ‘LCj.^ii jja 

ijL»il <?■>«»-^11 JSiiilL jj^aLJLI JUli < lLLj| « _^-it 511 *■*»* I j —« 

^£uo i—Ajjia Q- Vi jLjj Lal& L» ■<->> < <i« irt» &T> I 1 ^ *i« iAj yjll Ic^ulL 
jjHI <£j m l jLaI! jj£Ij iilj> » i ojlj C|^ j* <j| VJ — jail jaj 

■ ( '-ilA (jjaj jLxuJI jL& Jjfb I'nklu 

I’n mi i il m l ^ Inr jLlaJ £ Ijii.1 Jjl JJJ <Guui (jij luf jo Jll i \ A1Y <Guui 
^4 jl < ii iV 1 ^Ltuxulj 4x.l * nil lj • \TV ■**■* I * <£. j > ■■ jLLi j* *»■ IjIIjjI 

. jlj.j-tll a^ill ji~ii iij j| j4&ll iillj 

oljhLo^Si YY • <£)uj LjUl <uj^il oljUaill j*-"~ /*mK , \VY a~»... 

JjLU t_ t~‘ i 4 » la—a £gl ja £j-uj| Jl *i*i_i jl jLuuVI ^Ualjujlj 4 f I mil ^1 

(J -a .<) LuQ ijj -t nl Sjjjll CiljLkill ^jli’iiu'i ijaalall Cilyll j-ujVl i«l «■ -H 

« 4r ,l i n il ^A Fjia jF»Y Y'A. j&j Jaaj Afiju jl 

Jean Lenoir Jl 5 lii.<L>l. Lr ^. U^?- o £ - l- >L 1 ^ £.A“^ , \K\ . <tlui ,^1 

*-*-»> .A^i l+jf ijLjjll ol j Sl jiilj « ill Jji (^* * — ^AYY ) 

SoL^JI <f~UI j- iSJUa JSJJI jl^Vl ill C^IS .ijjLLJI iivi ja SalAS jSS'^ 
(Jbf Lfr“ JjV li^l « ^ A1 • ilui < ftjji I^ill oljlj Hill 

. SjLkJI JJU Laai 4 jJc. jlL] ^jll ^1jliVI »lllj jLuaa. >L j....~ 
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^iirt Jtj 4 tif fjjiti Ctluiildfti I .Lifc 6 JjJLa CtljLjuJI ^cu4U 

— \ AXX J Gottlieb Daimler j»lij ^jULVl ^11 ^IjVl oljLuJI ^j&l 


(£jili J^jII Jj I I ti l I i t ill Ciljlu nil Oaoiol <i jj 11 t i l H jjill Ciljim jbjii ^aj 

CiLi-kl Allj pi Squill JalaiVl .,»< joi ^ <4 itiLtll Cilcjja>ait 

. lfc.1jj| 4il^a ^jlidJI JLj JjjjS Ljuj Jiil iilju 

is* o , AA ^LaJI cii>ll <c.jau 

* Jljill 4 c^lu ^Jb I illJb £j| ^£.^11 | 4-C1 i lit I ^Lu 0 oj <£.LuJI 

t 6j^ Cil^j j ■ 4 £juJI j-luJL jkljjJVl i£ » pljlti.ull jli 

vjj^lai Ijliin a < \ ^VT <xua l j In jJuijj (j* < jiLual CuS I a ~'_l-» . 

ftjjjll i4-£.l i«ilI QIjJJ J 1\ \ ■ 4£,^aj< Ji&l jl CaUimiI i^Jjlia 4 al i i f. 

^jl^l jl i i<*>ll * | »H Lc^ui lrit> jn ml . 4.X.1 ■<all Ij 1 ajL$ W* Lc^uij 

. |cikLu 6!^J (jia icjulL Jal£i&VI ■*••« 


fji Ij' »jlYX • Cilcju Ij tL-% I jl jlxuJI c>ljl> iu4 4Jbal « n »I I ^ I ln‘l uilj 

ijJJj bJjja Sjl i m iTvi i^k < \• llu ^ij . jl ...ill 4-il i.i.i a {£j-ja ^Jc. 4 r l <.JI 

Ijlajli^ 1 , V\ icjaa icLJI ^ l^pLaj^ \ • <£ju CtkjjLd 

Ulj^k Jk e Ij^ll J)lk Jill, C^uall 4tj«i j>-a ifijull Jli upiij 

. Oitjl I ^4 IjlnjLS j| 4 r Li <il I ^4 IjlaJ 1 1 1 . X^ \ \ 4£ j m i 4 iniLaS 


L iJ a- n i jojVl yk fyii I ol_^jUall <Lt jjlu ,A4-4J jl y*Jjkll jaj 

ji.1 y3. ji ) jjLuaiVI jjUkj j3j .<J^J Cjlll^fa- 4 jI jyii j)l jjfiail ^jUi aau 

^ I L~ ... I I 4‘n ii jjjfl^l \ £ y4 i^a JjV C(joall 4c^jui iaI I IJ-A yi 

. ijjlkl 4i. 1 1 tfli 4 c^jui)I bib j4aj jl Cileries Yeager jaua ^1 yJjLai 


OI^LUI ■**** * i 4xj in ja y l*-Vl jjlj-Jall j mi III i j I Tall alllj 1 X 143 

J! VT • • 4jj 3 4ta> J^ Lx£ Cll^iTfc ft! 6 *^4^11 

* Olj^ 1 ^*“ ■■* C^*aII 4cjx4i jji jiuuj < Ijix X 
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jiJJ jjIjauII jjLuj .djSUJI JL>^ U* 

^jLuoaII jjL&JI jlj JAj .4_ulxll \ £ , 0 Ji/>> 4x,^uu j^jVl ^UajLaJI 

jxajii^ IV , 0 * * , * • • oLum 1c. N W\ 4jlui ^4 ^j n ft mi l J[^&i u 

^yA ^jf^i-ulI 6 JlA ^-LLJfcJJ . <ajUJI Ijj-AjJj^ *\A . £ ic.J JUI jij .(Ji m M i l l 

.JjVI JjLwuyi Vi<a ^ LiaXiV ) 

. I j intt Jc J^lllj^l^Vl 

I 3 -wt>Mi ^lc. 4-LJL Ji£j ^JJ J£ LiJ ^-WI cl^a- J>-U <JLill J_i L IJJ ty Jti c> i»jVlj 

CjLc.j < >u ~ jjljJ v_Lfc ^jol I JaGLilfj < 6 ^j IJ t flJ*i cJlAt 4-v i*n 

j ;■%! 4i m*ilLi Jj i^Vij ^I^LwiVI in\ 6jjlj ^il^ill . j^j) nit 4_xu/JLi ja£l 

Aii ^iJJUj .4uloti ^ • , £*\ j| (4cLmlf ^4 ljla^ii£ N*\V * <l£jxuj 

^^*u| 4 £^ui \yT * _j JaI 4c^uJI 

(jtirt 4filLfl .iW-uJ) I 4-uljjJ ic^JLti C.I ( jS^1 

<iaAJ J j-\ uj Xo * N J-* Jl5^ *(_>-=>jVI Ini a a J^la 6^-o \ * ^ I fr Ui"h a 
< <C.Luall IjlajLS VXl * <^JJ.U> Ujja^ ^J| 4 t nhlL ju Ai.tJI pljo^ul ]oa ^^Jc. 

. <Lulol I (jjlo j-L£ X 

^-Jjj ^klll Jaon-ll jj ^ji<uU < Lai) Luuj Lid IaAj jkAjll ^iuu Vj 

JjJj 6j-a Jiji V <Jtj-L*i_i i jJ±* In ta a Aj^a N N , M 

^k. JSVl (^Jfc jl ) (£jiALI eljluil Jaji. <iaii tdjaJLy . I fl . ii fll Jjj*. I l$J 
4ujaJL 4cLuJI ^laj li^ £ 0 * * 4c^ujj | 4skiauj ■_»* ^j|| r .«w j ..II 4&-ila 
(2h° j 4cj-^JI 6J-A <4 ajLj 1I t^La^L^ NX , A jl t 

^ «=(-AiII J^Laj LfiLfl 14 L., i\ Jj_». iAlj<!JI (jll <iLuaVL 

ijuAll j« i_^j£ll ujiUl LJK JjIjjj iul njll CiL^ull 6Jbi .jmuII J_ja. 

' t*>>* tf® Sj" _>Sl Jl^a Cx&± “iAjl 
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4 -» iiiJL J I ft juft I till Jjjj J M ia uullj 

itj-w jt JIj itj-ui <CuLJI Ijj ftjh^ NT, \ ^Jj |jufl lull 


jjjLJ 1 1 * 1 II ja j ttfl ji Jl ^Jl jAftj ujil ji"i ftj ( p^ilj 

• 4cjxu Jjfili <CjuJI 6Jij < <Uj(uII Y £ , N ^jj JjaI <kwjlft 

« 4-jjLSII ljl^L£ X\. A ^ uujwll ^jVl o^jlM Jiuiijla 

< L^cj^uil |u <j-°j « «_j—SI jSK k_ij —al j- t j * j (fjJI jjLtac. ^jt 

ujil jf< «*> o jli« 4l iijlLcj .m.jiIMI ^ lj|Ltjli![ IV. \ <UjXU J fM . U j "u> Jjjj 

JU4juJI Jft 4 J Jju uj5l jjcj jt 6jl*X-a 0 LI 4 J Jftl jiUduJl J| 

Ij-Ujlii^ o"\ iCj -1 ui jjJj ^ jaojtu!l ^il jllui «±llfl i^e 4lali ujil j ^jLi 

. 4-uloII 


<jl ■ < JjLkt jC. jilA-uJI Jdft CujJ OLuil J 4 AI ol.ujjl jAftJ Jliij 

*\ • * ^lljA JiAi 4XJ44U JUAuJI Jft Ujjll jjll ClLuill djAJJ 


. juftiull ^tiadUl JA ujlIL 4c^ul> j)ju IaIiT 4 jjLJI 


IfiljjJjJ <£jaJll jSj« J^a. Jji ^jii <i i. h 1 I <jl* ijimuII u^ 1/511 Jjjj Lct^J 

(j«j ,<Lu(alf r • • jaj J 144 Lfjcj^u (jli ijall ^11 <jduulL 11* 

«_>j1aI Ijj 4 jVJ .jj^I Ct(*j-uu jjJJ 5_^a-U jSjj ^Jl i_>jSVl jjl jjhll 

(>a J*J*I iiLuM ^lc uI^jui jji ^-u5jl jlj 1 lia 

^_aj| 11* J <ju (Jljj V ^jjll tlLt <Lujl_a Sj—S jjl Ltik < j> .>ill dUj jjt 

. ( I. x A jI J ftin ui^ut l^j l )) J CilC'J-UI jjll I jlj « ulj-ui jSJjJtl jjJJJ ( VJ 3ill 

oLcj^u I j .A*. Cilj-aJl I J» j uj fl"> 1 iJLaJI lai < ,jjSk]l 

jajjj Cul^ Ujjc 1 1 *J.Bj Loj ^fjjAjtiaJI oLli niif J^laj . LajIauI £-» unl*M) 
i_*V1 JjXa ji jl JjjI CiLfijau J.) >.Ti Cul£ oLUl CLi^kj 4 .a 't-e jJLSl pi J a . a 
jjill oI-li um (JjIjI .uiWI ode u*WI cilju f <<uLJI ji o 1^1* ^Ij^l I 

■ 4 -ulill Yi • • • • 4 cjud lie. .ttiji CiiK ^jll tiiutl CiljalI CuojJ <V 
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. *>uail 4c jut £y* Ijfikl < £,W 

jj-o Ji] j_ikll Os- j-lu . JSL> <_»- JI (■ 11 i t , VI £jjjuI »J J ~‘J - 

t> • JlL «« J I til II I J liirt <LuJ 1 ( UA.Vo 

jjMAitiH j^i 4aJu o.uJj& <Cjou Vj . ( ju / ^ 0 1 * • ♦ Jill J 

, | ju / jki tM» * * * ) *v5 x-c ^^ ^£jjut |^A Vo--i> 

Ji^J <£^I.UJ (iijtjjl TA 0 * * * J M l IjC. JjJj jjll 

• P^uejI 4 £.^ui / A* 

6jJb u^ji) 4jI ^Liuulj quasars ^k^-^&ll &l i • til o& *.u- >^I * \MV <uu ^ 

6^A-a Jju| |^fi JjljI i <ldui N, *•*.•**,*** ji£| ULum Jl n 

^ jj^I 4l^ujj Ijc Jjjj QiK ^jaatl 6 Lull I j| uUtl . L^aLuu^l LjL 

JJjJ <jVI jIai Ofl iVl^l ^jll Cilj^JLI JJUI j| Jjijj . LjLaII O I J ^ 11 jljjjl <£.j_uj 

. ej*All 4fi^ui f^ya / ^ 0 jl i LiQll jxajLSi YAo , ♦ « ♦ 4c^uu IjC, 

4ju 1| Ou^dbJI Ojjll <jjJ oLj^uoJI fjAxj ^ £_h~VI 6Xp.j]| j^l^a-Vlj 
I |J ‘^1 < e j m / M , *\ j ^ 1 J-«Jfl-iu | iaLuull 4jbLi 

If^lj P^uall 4 £^jui ^i| Ja/> I V 

(_r*J * tf* AiLk* Osj-u j^Jtl ^J-A jjl < <=(>^11 'fi ej-*Jjl O.JJU. J <~i« .~ i j 

•Wollill^ IjL^LSmvW.o 
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I ^iLutl 4 aau0 ^jIa <|< »n*^ H 4^jjJ ^la^il JjaII yjl . (speod) it j m il 

wr*-J (velocity) tejjuJI <>* £jJ *Jli4j * \— Oi(j ^Ia (jj J>dl ^.Ikill Ijj.1a.ju ijjAjll 

^jjJI ^Lkjlf yi *La^l ^ ^jojll 5 jaj ifi fu t y i j ■ »kii <jjH iiLuill 

. \ ^\ W LajJ&I . cLjjftll a .ililill jji.1 ^Jk 

N • • * ^11 J ■-**« qL* 1 j ■“♦ jl ^_i^il 11 *‘^ * * C)lj iji >11 ^jaxj ^|U ^ iolJ[l jjj Lu cuL^ 

(£? ^ I CjV 1>11 jc jJjSjIIj .^XaaII j)A <J^lt ClUL cjVI AJLA jl |UAjl 0$>l < jl j44jii^ 

j^ l j|| cJjLa «X*I >( ^aljjll J . j!i lit <aJLuJ1 LajIj *JU|_0 (Ciall olj*ii3Jf O^nlllj 4 

. (ai>II) . J(ii jl (jjk ^1| ifl CiiUj iua^i Jajj <j£l(ut^n iii UwlA^a 

pjj^l ji jXu yjll 6J_ULj)l ^J^jll aLlwI jo IjAC pi nl«Ii (jutlfkl iLLdlll <Ua)I o(^aJI ^1 

iIjjJaII 4^uu) Ciij^uii ti3 liA ijl 4iol^ Ob tllljjh jl j!£lw4£joii jo qU^jjU JiaIIi Lf Ja 

jo InuxiH CiUjiltllJl ^ iniiilli Lot <c^w jl jjJ O^ LkJI dt j ii i i i 

. . 4aji V LojjjliKJ ^J Ijjli I p^a)I 
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mUI jjLil 
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j ttir. t>oLUf 


jitui n$ (^.Lo n t diiiLii 


pU») 4iJL*c> 

Jj.l-kH ^il LlIfLul £n-w i ^jLajllj jjULI jjc cjLSSII I SA ^4 jVI lii^ia jit 
tjUajllj jjLSLiL* LaU J_laj < 4> J (ji 4i| VI . Lj LL . T i <jl j] Lglka.^L ^,1 <j£aj cT^ 
i. 1 iii>) I n't jjl Ijlj ! SjUI jji <£jluu gL,<ul 4ia.l.U jUaVI Jj ■> a Vj LaJt La 

. Uul SjLLI fjLal 

.jjLajllj jjlitl £_a (JjI » iill jj-o < La J-a. Ij.jj »~i j_jl£| SjULI £_a J^Ls-lJlj 
<1 jLajllj .extension jl.t uVI Vl tX&lj 4 a J . a 4 .« a La. OxaLa. <1 jlUli 
4 >ajJI jt J i ~> i ll iiicj duration, iixt uAj Vl ti^lj 4_a_^_o <««!■> a. A. 
jjuLjSJI L - af :aX^lj jalJ lluaj ^Jaauu UjLfl t JjUjllj f ja (gj-ua£ll 
4iatJ IjJaa jv t -k ~l i n~i 4*j.t•>!I La.j!jj£!ill I | jLjll 4£.Uuff_) iuulL 

. ( La^la JSJ JLliil 

< jkUlftVI l^la j Vi ni l < t l~i-> a SjjJC. ,_>*ajUaa. (Jlo> <6jUI 4lla. 

mass/iKJr ijajLrtfkll aji 

ciLujLu ^4 jLil ju f Isaac Newton ^ j* * J^ual ajS[i a |j 

J-i -^a'i ll 4i l~t Va j-uliaj fjja yilall 4iilkll jk.Uua.Vl J\ £jUJI 

£-a k_ m ill Ti JLaxjill ljj> «£>l.laV <-|jlU.I iijjLilj ,<Lilfill <Cjull ^ j-.a*. ^|| l« /. 

Jj> *" ‘ (j^ U-“j fji <l»Xja UjuuJ Jjjjjjjj SjS Jja. » , l J^-ujVl ^j-aj .^utaJI «Lt£ 
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JuiilShlt tjS jU ujml l lj|Jj i ^ i*J>«iii uja | jail Lf-I JjJaJI (j* tj$ 

. JjuuJI 5jS j* (tjial j )(!& j!Sl 
: l.|~ii> t« oVL-UI tjjb >_gl~i j iCujLai ijLaJ. jj irt o Loil 6.1 111 JSj 

uiilajj . ^iVI jaull jt lluu 5iLuJL jjfil t^U ^LuoVl u.' ^i L^lft ^^ulli 
. JUil j t-"« jjLu jjjJI ^LuiaJI Llu iujlaJI Jlod Siu 


jljjJ 4 -bSJI (jl yJJ <ij .mill (j—c. dujbi l j—i ^ Einstein jiTitmi jLu|^ 
jjb Ijjtj <c.ju jjc 'i Iaii Jl velocity ^ <£^211 | 4£^uJI 

tP^uJI LaLaj ij jaaVI 4joa^ui1I jkLuiaVl <t£,llaxuil uLujuVI J^l 

|jl OcUaxual jl ilL&JbLi 

rest-mass q^uJI 4Jl^ ^Jc. Ja^aII Ija ^a LluhIjJ j^aj uijjuaA <i±lij 

^itl ^ j/v'L lull j J_^ljlt 4 . i.guilL ^ u^g ^A ^ .~!fc 4 Jt 5 > * la .A A 

. <b£II jiuAi 


p ■“ ^ <£l£ jL» Jj_a 1I iv^i < jLxicVI ^a jjUl <£l£ Lojkj 

tj&u* Jjiy -a j jfi l n"> ft j j . «m> jl £$l « I fl jk (^p-aJ ^jJI 5jUI j Lvl.it 

. ftjjloi Lftfri* J^l j^lll <UKH <-Kil t A* in LfJ jjSLi jaSI IftA.V^V ^JkuutL 

. jlju ja iiilili <1^11 ^A j^l jfci Jjll* ^A jt A*ir* ^UtJJ 6jlc <££JI jiuAjj 
^Jc LjLua jjjSj UjiCj . Li u ^aj o JS <t£ J-O jt a i u^ ll jijVl i. uu iluj 

^j-^j jVl ( ^Lx jUiL^JI <Jl£ jl cijju jjIa^II JjLiu 1 a la JS 

, I <i£ll ^A ^luiLill jlj^V I ^jjuJb <aj1aJJ 4 Wl ^jLuj juA^II 

i iltlil jt a>.va-11 I ja Vjj jkjji .-^ weight jjj jt ajLc ^julall 6xxi 

. i & * JaI jl ^LjSj j .a jg f IjJjJaa jl j* uiabl jl J£| I - A-JJI A j] j^lj—ljj 

^jLuul iic, JjSII ^ Luu jl J^u jljjVl jV <j U.V iA JJX. V.Lit jll fj^-A jLoj&Lj 

jc. i AJJ t JjIjJ I .a K jljjV I ijaaIau Lxlja Jc j-a-JI J^kx- 

d h<ll ^ i^ alI I A6 ^j| - fc » *~«■ ■■ lMjuJI .j h j jjjJ <K1I Jiu I i uj 

■ ajjH <3^ J“** 
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A." i i. l ^1*11 t 6 J-ii-LI 6<i^J jJb I jjlu t p I rtllJl 4 * . ./til *j 

ola^jJlj iLUj Y, Y (jjLuj ^.1 jjl • i-jIjSII I j-A ^ ,>kVlj Cm 

tonne Ij&lj Lila * I■ ^ l i (VI ^$1 .ni$ ounces. I < u —i^l Yo . Y . 4 * *1 

c4* \ • \ ££}Luu ctilljl <Lajjjj t Jliajl YY • o (gjLu*t * ( **—tlSlI |_}uLa2 Sj^-j ) 
i-ij—tu J-uo—iJI 11 a . ( itk_) Y Y i . —uu ^jlll ojjil Sj-ja.j ^ ^ ton 

. ^ <ij£ll (jijliS ) Joij jjliLaVlj oLol^a.j I'*•>!! ^JaJLuil 

i Lalj^jli^ YY * '-■-~11 oLjVjII jJLi <lLj1jjJI 1I 42j£lll . iillj ^Jcj 

iLlja^L^ V ^11^^ <jLfLa ^HjI <i£j 

<t^ll jjl 0 » J it- i l l ,jaj < |»^la jl j-*ikl »■■ > 1 J&ii 

ijji irtll oljljjall (ja jjSl SjjjSJI olilj-iaJU < l^ulj SjjjSJI 

‘_5JL=w ^ itii II (jiLc j.ti it I ^jjLiII Jjl "w a Jji—ftlljj . ^ ^ ^3 _ojlJI ^Jc 

.>_h.mII Ij^J large predators 5j..«l ^ 

(jkj ‘Ut*Afc*H ^Jl*ll «=I_>=J jvh aa ^ <_it_)ll Ijfl^lj jfcJC <>» LfKj 
klLxi. Jljj iL« jjl^aJI Jjlxa. Vj Jjllj V till J>a ^£jll 

p I I nil ^ 6^u^ll oLlljj^JI ^ ■ yjJI d *il .*■ ■ ..II jk^LaVU iljCjIL 4* 1^ .^1 1 a ■ 

ljj^» (jl utjlL eta^VI ji flVi l < u « ji l n ll ^ytj .iijfu> jx^Ul ptiVi ...I ^ 6j_ik4 

u^' « . 1^1^11 l_» al l jjl . I fl ~i ftl^ ,ri UJLu 4 I ■-- 1 ■ w.Vl 

. Lfliui lAlLuj< i a^ . A i iLL^jiJI ojK jii « King Kong gijS 

.oIjlJ-mqLLj j».l <_j£ljc ^.1 jl_>=p «=!>“ « (jAj±^ 

l m y A al l ^ i j. .Vl J (jjjll ti l 4 i ll *" .11 ja LuxjI j_JaLu.Vl ■*■ * Tt j 
Jj-W V iiiL-oJI olilill 60^4 dlj .^Ujill V LS1I JL^J j„,.t,ll oLKeJI 

. ijlL 1*1 

^ tr^j ^*La-ia j-t^l jl J^kl J i «i dllj-A < <jj cLm V Luj 

4 ? . l ' 1 (j 4 (j^J SjLt ijjiia jLi LljjVI jjl J if .Juipll 

* ^kxa^lil ialill j.^aS IIIjiVI 
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SLs^II j if . CjtLi J m» t (jlS ^^^ • jklx /y )hLi i! I. i 4 jiLJI i_>Lui ^tjS .vm 

LA • < •;!•>.< cjJLL 4 ,nl ill ( j_a .t . Ij . 1 .a X, VX 

. <dx£ktl iJju&ij ol^>-« ■•**■■■ jc Jjjj L jij < <jL v-k tjli Lljajli^ 

• (j$AjII iUu J nTi <£t£ll 6jLjtl {jl ^ua^Aj 

i .i'n*k 1 1v<nj <<i]£llj La till tUtl I ii«.iTk (j* jjiull jjc. Liltakl Ijlj 

1 .1 i . A^ i mi VI 6 1 i iu I jjLS JAA i4xp nr luiij jJh jLuuVI jb J_ja1I 

. CaIaII jLa< jluu^l jli&l IjjK (jjjll 


Lai > iA jji»_i <_i-~kJI cil.jju»jll t^ya laii ,i&lj iilliA 

j 4 jjJt ) jLuuVI j* J^-ial Ow i j l ^IIjj^jJI ^ . ~i *kj jLuu^l j* Otl n J^itii 
joIjII ,jA iLLj^jill j£j jjli idlj . ( 4-ki jJLJll 
■j&ili jjLuiiVI <Jl£ i_Luajj lJ• ^*~t 3 1 LoIjSk^l^ \A» ^IJ N'lo u“ ^ 


jj-511 ) Gigantopithecus ^1 a »,T»j jLS pl.j.... n_J( <>» £jl j •<* ^tLc 
oil^ ■ <xw X ,•♦♦,*• • ^jc. Jij La ju LJLa. ^jll | giant ape j^Ludl 

uiEoilS Lajic t \j!m X , Vo Jidtu (^Ujj^aIL oLl^l^-a ^IjjVI 6 J-A 

/f 

1 ii^ij Sj* j>*» n*»l jiiuj . Lal^ja.jli£ XVo I fl*il*K oil^ Lu h < <aLa)I iii.o*’— 

JjLoj V Jljj Vj | jLiiVI < ,tK JLaaI <—*jjl I iiiJaJI ^L L j^ jJI j« Sjil 

*. ol _ i mj^ JI _)j^i (j-o <j»I > i <*> Ji£ij ciiilj-iAi Lulj jL...WI i ijf 

^jll < ^ behemoth o^jn^-JI jujill i_>ll&ll jjj .JjVIj J^_uJI 


.Ol j nill jll bSJt jjA ^1 ja ^1^1 yAU Ll 9 1 4 lull 4ll ^arJI II I 

« OoJI L^JI olj Iji*kll ^j£| African elephant ^SjjaVI Jiilli «±llj 

0 \ • • <jti ^ J»^klj I_fl 1 -v<Vl jk IjIa X , X ^£j)l ^^Aj^aVI Jj_ftll JjJL 

X . A <djJa jJj oLSjVl <jn o 2 j (ft ^A CuiLi t&J-^ J^-* JW*b - ( Lila 0 . \) 

JLfll cdljjbj J i Lirt> Jii \ o • <j!i£ J±aJI Iji <Ji£ JjLaj . Lila \ \ <‘liX jjjj « I^La 
( jljjwa i IjJLA t , A QaJj Vljlal ilJLlA jl jXt . lillj £y» J_)Jal Jljj V <*aj >’u 


| jLuu^fl Cill lXlAJj 
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,ji VI Jjill IK Jia (ji Lp ip. Cilaljp. pjj Vci ,> ^tjll ^ficj 

^liajl £Jjj . <LflljjII jJhj < ( -Li_S ia.lj ) V3J0 ^yLj-flVl JLfllf JJ-Sj Lalj j -t <JLlA 
<al < ( j£jJI jjLaiiU JLuujall ^LijjVI 4 ja T,T J IJJH 0 , A i# Ijj JjJal 

. Ip. jjl jS Jji ^tj« <>» N/o jjjj ,jl J ji'i-k i V 

< 4 aj,.l-kll JLiVl Jjli La oLljpJI ja idllA jK « “t-paLtl jp uaJtlI 
rhinocerosiike ^j ylll j-pja <p-JJI jJjj-JI jJt .A * Up cuiU ^pll oLpill 
Jia ° 1 ^ ' Qj i | j J t BalUCtlltherlUVn (t rt i ii t j,|£ ^jll 

<cl£jl < Jpll ja <Lal■% iA <iljjll <>» J>L| jiii . 4 lu> Y ,•••.•• * 

€ 4sl j j JI <Lolfl uLtAij 6p i <-IoL OjI^j i Ijju A. T 4aaJI ft I CmiIj p 

.Jit 4ia£ ■ 4«.a 4i«aj IjJa V • Jaaj 

<-fel o all iJakljjil (pu isAf * •■~ k «A j-L^I Cililpa-a. tdLjjk Jljj Vj 

6 jit p^|j .<iui "lo ,•••,<• • jla cudjiil ^ill extinct giant reptiles iaajiill 
l 4 . j JpL upu^ljjJI ScLkjJI ) Brachiosaurus p t .1 ^ .a . a-J j^l 

ji ila.J (fl ja <aL^aa ijjall Cililjpll jo^l < tjArki I ^ q'iKj ^jlluLVI 
^jll (juljll J-ijjJJ t Ipo "\ , t I j JaC. tf f .l ffij l (J^pj Jjlikj .<l«jVl (po ^yaj 
J^lal J^L i it i/i 1 0 lt*% La i Ipa \ \ t p 1.34*11 ^ ^ LJ all L^aitj ^ I** 
tf* I liL i • (£!(>>> LplK Jxaaaj Ip-a YY jjaa ^JSII L4J3L jUj . iil 

. <pJI JLiVl !>■% ■ A l <ia£ JlUl 4 jljjI < ^1jj]| S^LLjJI a . 1 A . A ■ a. .A 

(P (JI2* «= LLI |ji pjall ‘LilaLit <<_pojVl Cilafjpll {jC. 4pa Lpall Cilalja^ilj 
Out a p .3! u , \.% lI Ijjt Jad iJaI^IL iK ippa |jV ^I i~v 1 V3 1 L^aJc LujDI . «.* *v 
Ll Ja pi^l <apall olaljpll jjji^a <jl oj <i±lljl L&ajjj . Ljkaj ^laa J£ ^a 

oliljp. " 

‘ c)LLpJI p <aJU 1I £ljiVl LIU. Sjyp^ll 4aaJ! olalpaJI jj£(j 
jjjVl c^jaJI dilij 1 Iji L Ji pj . blue whale t % i >V I .**.plI L^tla ^1 L^ Laaaa 
<lK jji JaVj Ijia TT . X <1^0 j-laj iSja L*jaSl ^paaS jjj I JLt V • Jp jKi laLia.1 
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StUajJI J^Ja i, t i^iij Lj-ij-£j j u «-i j^jjVl llA . lola \Y 0 ^jC. CuL^ 

. \*.. <Kj 5U;^AjidUiij. I4SKjiiilr.r 

jj-i j am ^1 redwoods j~ a ^ .V I j *ji 1 I a ^1 *% * ti V I J^J&I 1—o| 

6J-A jjlliJ . IjLa \ \ Y IgJ^Ja ^Jjj <LAJj jL^^V | 6 JJh iJjiol <**«‘ ■■ »* t Lujj^ill£ 

I d ^ * J[^ia jkil! jA ft i dJJ Jj < t jj jV I C*>=JI jJ^ia 6j—o Y , Y 6j^ xtill 

. jj^jV I Cj-kj 


tiU^ <sequoia trees <u*fwll jLa^.1 ^ 4_^>LL_*-i <.-» :J1 ollllSil 
General j Jl l^.ia i^l j-o^Vl «*ill ^ jju&fll jIajwVI 

IjIa YA L^JjJa (J-i-ojj <<j^ 5L*4 *II jIamV a a>j^ll | Sherman 

YA* * • jjjK5 <JjLj-A-aJI jj-£l 4-t_£ vjj-o \ 0 jl t jjJo Y * • * ixjr* I - « JaS-A 

• | <_fA»v l^jdaJUj t jJLa ^Lt^juiVI &JJh ^aJI Pjail jlj < LulAjj j . in 


^jj(^ ^j-a *Ul-*..A ji^l ^ jJJC. pLijuuI <jl * { j.% i tJofI 

)> ua -“ lt® oj-^'i * o - ° L° I^ L^» 

.JliU Jmn ^Jc < Cuujjj Jui Ju 4 jluJJI ^‘i^» ,ji» Ifu (ja»iJlj • JC1I (J ->• u 

. Id ■ ■■•*« jjajVI ^IbIIj jJk « Itla^a 4j^ajVl »LkuiVI j?2k|j 
id(ll .*■ -v i ixs l , MAV <Lui iujLall <j^ki jljjj jLa-uil ^aj (jl J_> atij 

jajVl 4 Jj£ utusJ 4 j>j >la 

<lj_$ JJ_(jl (jr»"k JU ^IU*» till Ijj—A i jim a (_j-Jt Lj_a. (jajVl >lijj 

( <*iljll ji ) Sjijlll force Sjillj < ^JVI jSj* (jt distance aj*jj mass^uaJI 
4 .If £_Slj)| <L_uuLaJI ji > « - ^1 ) gravitational constant i^jjLaJI eulij 4_Jc. 

jLajj (jSLoJ < ^jjVl ^->_lil 6 j-A jjy . ^ajVl <il^ i_»l < ■■ *> ^jU*i n i l | CuC Jlui 

■*** «ft (^Jlj iJali 4_jul^il 4 -A j ft] I jrj_ la]j .<Jj J Jin I | . m l tJ j^u jl t| in 
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^1 ~*«1 . ..I jC/ii , La 4 A i jJaj 4-ujLaJI CaLi >_> l ji«l d lujLJI 

. JUI^^VI 


L)-o_ 5 .< iq > g-a I »j "hC juusi (j'J 4-ujLdl juLi ji«l Hll < jjj] i jajjil 

4ujLJI CuIj LlujujI |^<u i I -fl* 1 * 4 aLui1Ij gUjuiaJI 4^^ ^iuul^ij 6j-t 
(^1 (j(j <iujUI »ji ,jl u-4 lit iyuallj .^AjVl <ii£ < Jl^ll 

^JLilLj jLual £j| ^aVl < m < L l^JCo J 4 UIII Sjji irt 6jS 

. jljjlfl — JiA IjhjJ^ JaI jUtAI 

Henery Cav- ^ j--* »*»l^ ^jlt ^gj-daiyi ^JLdl ^llv> ml < lit j« ^tjll ^kj 

jj(j (jul j ill Ij— t (gj (jl NV^A 4 —lu ( NAN • — NWN J endish 

1 *~-j ,j| ^lk*i ml 4 j Qj y tall i ^ ^tujLkll CuIjI * * **■ yl[j . LlAjI Call 4lJa 

• <J“J^ 


1 jla.o'itL^ 4_J| fj irtjj ^all ^2jJI <ia_tk .-.I ..... -v* V | ■ a ■ |jJj 

I f il (_gl ■ N • YNxo , NV*\ ) jjk I—-ill—at I j 1 Lij-l—aJLI (_>A_)Vl 1 (jLaJI tilij 

ilk 0 w\,. 

. J^VI j^aJI Ojlui tj&u <lj£ <*i yiL ,‘iyJL C^Ij 


JjLajj aSj-» iglLuj O^lj-a J-O-Sll <-a L a.. a J, JjLju (j^jVl lj-° 

jilj-iVl j* JjJaIL iljLUL Sjj i I n I—g-11 V| ^Ujll ' ii »li- ■ Jli_a| 5 J .t c 

t-jSIjS 4 j^Lj Jll—t (jt Uj^Jt-s (jK JaOaJ (jaj <L]jLoauJI 

V^ 11 1 * >" '^ 1 xSj « (JQjVI <L«La__i-a j—J-£f ( (SJ ~ X ) 

• ^ t r* ( a* 3 " ) 

(J* lA-*—. J^t J *< I Ij^j • jl « > 1 4—ajjVI i .<1alt L)-° J5Jj 

j^jVl jjt j a a ll ,. i 11 a LLt Id) • la* cjljjj SjlLij < 

4 ... J a ui llj ajLiaaa. ,jjl ,j-£ai « (jiajVI J)-*' _>—*jll (jl jjj SjJU^ 

-ro&jVirai 
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ij ■*»» ■>- j ^f .*H ^j| Jls^j < 

* * • <j| . Ilia \ • X \ , \ * <CLJ1£ ^Jjj IDj jljV I <1_i£ 6^a \ , V\ Y* <JUt£ 

li£. Lojjj Ol.aIa.jq CAolj La Ijl 4 a ah a hJI Ixj n ^ II a.V I 4_al -% ,il 

^aj Lai \ irt LfjV jn,n iti II Jl* ujui*> if I i^-vi I u^l 

<li£ ul m"h lt*f! ftj Lfl>^ ^jAjVl jljjJ SjJA <jii n i til I (jfc^jAjVl tl i imjjUu 

• ££j»ljixJJ 4jj£l 4iA«JL JOAmH- 

tjljlj i ^Iwll ^Jlfl J!u 6jj> \ • I j. tJ>l *fc nn gj II jl juAlf JJj 

IlL % »x\ ,\. ^Lj jiu_wtr 4 Jj£i) • YY1 • • • jijVt <luS ^gjLul i. ... Jl 

«_£lj£ll JSj 0**J*Mj : 4j,..i, ftif jl <-c.j A -> 11 tjx y.W ,^ ylt 

^jjjU ^ijj] jjjo 4 1K ■■.'ij CiLiillj ljSI^ ^ II OuLII jLtjVlj 

. /• , N Jaaj 

Y jaauII j« jJSl ^3 lj ifllii Jjk jt Ijltj 

(\AYY - NVTA) William Herschel Ji^ ^LLy ,cV krtl ^UtVl 0^1 
j« ^*ibinary stars oM ««il ^.^jtl ciI^ja&a JL> «Lul Ay^j * ^ V^Y 4 ~i.. .^ 

■ ■! - <- 4ill Lie I n j »il > i ui^£ La Ii£) . Jj-a* 1 « S J-k l jjl JJSj C £ - a 7 >* < 

t«.t-v* j^ai I nf 'll )|J Sj 4 l jjaj IjiA jjiij I n| i/il i jt jl il l jla-uV 4 jl > > 11 itLull 

. 4 .KM I.j-.rK 

4 .*.1 - .11 t £ > »_iiill ^j| \ Al £ Uw Jj mn < JL—ill Ju im jJcj 

4ij ki^£ J>t . (lillj Jit J 4 1 i t . ~i^j jl j* dbuuti jli t-i ^ l nix ^3 li I ■ J 

Jj ~i ji « i4i jijji jjl tflji, Ti Cul^ LuLull {jjJUull jV 4 >t i A jix .jj Jjaj-i 

f Lsl^-a. jjLtll ^^SLjj-.Vl 5j_|_»VI ill—fill wi— J. - I *S lj . Lx 4^ 

4.: l . .I I ^ « .*.11. . ^1 .^1 1 ^ -.1 1 ^ -^-.H Alvan Graham Clark J_£L£ 

. \A*VY iu* 
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^ullj 4 a\1 a all |jU La <iLull jaj 4 jil .ajll ^il m a jaj 

4-t£ ul in** {y* jl^ QuajII (jjlil i utH ^aaII 0*3 j'fc j a J U u^LaII 

<Ji^ \ , * 0 IJ'V d 4 >l A >M u^LaLI ^ajlII ^aoII ^iiij . ljUAjll 

. <££ 6^o T,U L^jIj LiLJI (£j*u 5 i 1 \ ^ li i juamII 

dlj (ja j^jJI fjle-j ■/• | ^ll (ji Lai -* . '■<=> jklj-a.Vl ( j..« J ;' **"» V Ij-flj 
JlV I £k^ 2 h*jll (^4 Lc^r Iii Jai Lalx ^Iiaj jJJJU j nfl i t itl t> LaU^i 



Arthur Stanley Eddington Vui u tVl 1 .a jjjl ^lalt 

iff 1 a Ki .<£.jL^ <££ (j*-» <JbLjJI \t Cm ^ ^ \ S 11 — \ AA\ J 

k| j^JtV 4xjku< Ix^Lui | J LaI^aa 

u Jj-J 41 4 if U UBj I >4 > • IjXh 6jXil <£l£ Ij ^lj . 4 thC 

# 

• kiiJi-" 

<‘iU (5*1 ) Km l n~<a J-ajhi (2)1 (jS-u LaL^-uo <1 ^ jll j 

dljJ&j .juwll tj« V • < iuljjlulj lj& ijj[j oVlai Ijc Lui ^Cal£ 

John Stanley * “V * ^JLIlu (j^& I cju£j£I a.^1 

Sj-« oo Ji H La ^ajJI Ioj <fc£ jJaj «N^Y* <i**> ^ (NM\ — NA*\o) Plaskett 


LL 


YY. 


\ »X\ • \ j| juull <ti£ jc 
LallaJ J£uu Ciljl a m il ^ ja>a^]l ^ djjl (ja Jjl iJAjf* ^LJjj 

6i t h 4jLjII ^ iii 6j>l 4 tota-vl| jLajVI Ojjua ■ »lt>" !**■« (4ujiJail a i.*« I ^L...» 

OLo* 1 *>»*J jO* U“ a, “ ^ C*** • oL»jJI Ch» UjS (^Jt JLijj la 

<Ji$ ji Lb! la. oLuu) .ijaall o£ll J It^H i.i^~ Lliiaj <^^XI I jjk J[ja 
. Ilia \ • YAxY , A ji 6j-o \£. j.. .*■> ! 2h< ^j l ..."■ 

( <Jl£ ) La i ■>. < A J_sl £1. JnlL Lf, aiia_a ^ ~ • T*., ........... ^1 - Zj^.11 

. jouall ,j* 
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J-** ^il ^uLluVI ^ JAjJ J fl llj ^^Y * <0141 

^1 4> oL£ ‘ ( N^i'f - NAVY ) Heber Doust Curtis 

SjjuulIIa Ctlj^ a dliA CuK jJLfl , J^a.jtl ^ (Jjft J 1-kjll ft Hull jSu 

* # 

j C*J ^ ‘ L iij l . (^jLu^LluJ cjJ^ mifill ml (j(£ La jJAi — LaJj^ja 
C)Lu jC Jjjj V 6 jti Jo5fc <1 Lfla jAJulli < IjjjAua ja jXa^I Csl^aJJ 6JJb 
4l I ^ *wi (J-a1a1|j tlllj jja j-jS| 1 jiAtj jlil L*m < I\m aim JLb CiIjII ija i^lOLII 

. ^yiAfcull 41 j£ ^kA S^A 6jUtC J‘ A " (Jj£ 


\< 


J\ - ^ £ 'n -xX ^ 

x. , 


^yJlj-a. ,-,^11 Ja.jj <j*u oljjailll i kdll* 

, jjfJI <lj_^ J irtl * a (JijJj * * . * ^ 


V 




jcuujflj* p.y. t f £-jtj j u- > ^yJc (-Ixij-o ^ya Lul iyaj 

. iK i‘) 4 JI JjVij jjajVl jjaj jjl ijCji jjs Jil I'ukiiiil <<iui 

pLu^U — J 3 .VI tUjVI i ji ^aIIj jjiaill uic. ^jjlojJI Jtlll tjjt lillj ^ jjSVl J 

■ ^uaII 


U^aJt (JJJuha JL | ¥j> 

JLkdllj < »^11 I jjLjual *Lii dlLjJb (jl LsjIj j *tiilI dljJl 

.SjLall | yAxl V JJcj • 

J « ■-» .jljJI J-4 1 Ixai Jjjua jjl£l O^IUI Jl il l l < till j £j»j 

. common cliche ja ■'JUII 

jLAj < (jl^iill ^Ijjl £y* JjOjJI I «*in j^Jua jl^j& JllIL j4 Jjill jl*J 
« European harvest mouse ^mV l jLa^JI JLi < U j » ^ n !u Lyu J J^lLI 
* ■■•*'*- £jLII j‘if jL^aII jij '\\> J^uj .J^ill jijn ^i\ jt ^4 Jjjj y ^jll 


JS2 







\ 1, *\ * • ^JLJl ^<^VI <li£ J&dUi^lLaA tillj ^Jc.j . oLol^a* 

. jLaAaJI jLfl <£& Jxa Z_ya 


<jLjII JLu (j| iJJjj .oLij^ll jju-^I jLua^JI jLa ijuA tillj £-oj 

4imij ^jLlujVIj <u>II 4jLj 1I (jo JjLojj . ilx^ * Pygmy shrew 

* 4j j^ui 6 j^ui i j i i.mj y i 


fi 

LlAjI < jjj ^Ii i (£ji\ hummingbird (jLiJafl ill ^-4 jj -*1^11 


• C£-*L>^ £> 5^1 


«d jjji; jl jilio j] jljja Jlo jLJI ^kjll Clljj ,^<l'1i t A 1.1 JjlC jjiJ 

<>> jSlitS 


j* txA jl£[ tfl p^-t-ulI i_^aaLjj I i>Kj 

J^l ^ l "l III Ij ijj I rfl Llj.1*^ jl ^JJU . ^tkujl d*%. I ...» jJ^aIjIaII 

HaJ <bA^lj ^lLuJI SjLj jy£jj < ( <AA*A Ja J_l£| 1 ^ li itl I ^jll < ~A I Hill -Jfl * « J 

f ‘ “•> “J j ■ ^ LpL“ | >~A »< *» jljJS. Iji L^WJA-QJ j* Jj£l 

4jli |fc^% jJAjLu I flKj dL... AlUfl ■ “'■! **«j I 4 aaa ^ * jf^AAi 

* jaJI SjIjaJI jIjLd ^a £^1 Jjaaj 5 jIj^ ' 11 . ,ilI j]j| .VAAi 

jl 4 aj < jlilall jjLLaII jl ^tj-All iLjll ULa Jaa jljA^ Qjii LaJIcj 

. Clljll Jljt JaaIL ^ .)i*u j| iajliu i I A J. t -tt j ^1 JjjJI jyill AjI^Ak jKJL £AAJ 

Ajaaaua 6 iAjAU Lli >JL> JSL: 4jLJaII ^ a a^a!F j~4Ajil 1 O^IjaII jli ■ «* ■ -II 

• ^jaJL LaaIj j A mm i l|*«Uai qLcLuj 

Ajl^ill . < A it Si ^l ■> n i~mi J JjL_aII J—1 f Clljj jA oijlj-i&lli < tillj ^_aj . 
Ciljl^LaJI 6.1 a j>£i jl j£*JJ < ( 1 < jlf IjjLaliA ,jaJ SjIjjsJI jii ji : ) 

jL^sJI jl_i J^k Jiau jlai ^gi i *illj j^ltj . jLaJf ^tJI olj CiljljA&ll ^JLuial 

Lf-Aj Lad Jaii lj~ -jl « i I ^11 ■> mil jaLlaI JjL J-»« I <Lj 4 .« I .. I j~ . ■ !« Y. 

. cIjIaaL N . jt <djJ= JLljj V ^jjl £jLball «J(l*j < IfLj 
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Pygmy ^ill ci n « » ^ oLjjULi jJLualj 

4jLjIIj > pLalj^j In 0 ^$1 1 ^11^ <Jj£ <Jj JaSi * Cilj*i ai la A <Jjla jl goby. 

■ 6jja lo • ^jLuii <fi£ l^J 4^^211 

.q L> ) Ua1I j in J\ jAi^i j 

jf^4j Goliflth bGGtiG *11 ol^ III\il jaITlj «j<.u < dHjJbj 

. \ * • I Ji/u <jl jiajj IjIftjTun 0 \ ^ll^a. L^J^Ja ^r urtj *v jam <jl 

.6^A jUiMAi <aj 2]I 4iLjtl 

Ljjic Ijxu jiSVl jdjjuIIj cjL^llfl .pUILluI ji^Vl Ijjb jJa « J!j ^aj 
( fairy flies lu^fl 4 jL»jII j i^l ^auuj .jLucVI ol^uuJI ^Ia^i jaJj 

j^l i ■~»lj* "'v-ll &JJb jllllj . I^LuLt * , £ jc j Lj'y A 

■ t iN F^i-aJI ^ <Ufti J_^_o JljaVl J^oil ^ 

!^u jl£ (jl JeLutji (jl j* i<a j 8 itjii util <L^iAjII Cilijl^ (jl| J^aj I ».Ufj 

(jV < ( ^Jl (juiuij (JSlj (^1 J 4iijii < j-k CiljjL^ .ottKII aj-A jlj *>r I 

• J jl) ^ Ijj»I jJjj ji ^ (jiK <GI ^ JaLu Jlja V (jjllj jLaVl p^^-uJI 

(jS. Ja*jj (jlS j] JLuj ,jl JaJ (>*j ^11 ^1 , CjJaJI j^uaail JaAj 

C)LK& Ijju^ Jjj Cul^j .Sj^^all (jJjJL i j^ai V itij'v ji i<~»fI (j-e 4 ajJ ^ic 
(j^a i *.» Lulj Cul^ OjjII jj£ p lj « & Vl (jl jot t ^Jc ajJJkll 

• oL>j J^la. VI 4jj ja jjc. (jSu jJj —j4JlS jIj (_,!»■— (juaJL 

Laj 4x^IlaII pI. t.iJuVl ^j| JaA^I 4 j| Jjy i<ajjJUI jj^JlII Jlaj 

* ^Jj ^ILla ^jualn i 6jLc ol^J iti >11 '^j| ^a * p t JjluV 1 

^Luia) <xuljJ Ut^Aj JaLuij < j *tif juaLaI! jjill JjA CiI a uj al l ^IjAXuil 
.6 JjaJ.1 ^uJL CufljJ jl LaA J^Aill 6jjtfatfl 

uJAJJj <AjiJ 6iJA ^JCji ^Iaj ja CiLuJC i n ^jJk ^ Knit l OiS 

. i^jikll j4j£oII ^jxuhA Jjjj t*lljjj JJUt JjA^ J4lj 
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Anton van Leewenhoek dj-fij-i-J j,Li jLSj 

SjjLall ,> jx2 yJt ij-£u> oLu.it ^ ,> Jj\ j* ( WYY - UYT) 

jjlj < J£ l+i jjjJ 4 jLuJc. |t.la*i <<il jij .ujLijjLo I j *ij «.»~i jLu 
^Jc L+jf jjJc. L*j4JL» Jjj 5j 1 ■ oUili (jj SllS tL xaj MW <iu. 
lLuu^I <ul Ijl 5fl (£j-* ^ oal£ L^-il (jA ^ijll 

microorganisms <1.1 all lj j.A«l l olliKII 


jj£| <il k mn ^all jijj uj$u 2^< ^laaluLj 

{ W *Y — \*\Y 0 J Robert Hooke Jji 0 ^ 4 ^ ^Lj^ll i iit/i^l 

<ja I^Jkj . Ij-a» tj ii In <liUl m (*i4^*l j jljJdl < M'lo ^lc iliij JjlA 

^ju. 1 I_>^latl AJJb jjJc. jilslj im^n it^ u llutljj VI lj *“j 4 (jSLaJ V ■*•■■»-« j * ■ oil 

. cells LdL- 


1 ^ ^Luufll ^11 111 4a 11 . .VI j I (joL.1 4 ijirftfLa iaajij 

I ^ * ■ ■« * 4jj^l ImIIaIIj .a^au 4Wua ^Lufll 6 > 4 ^ ^A < JsVl ^Jc . oil Lull ^A 

111*1 ^LulVI oil* . icjU <iLIj jLlu olj 4 > iit.-k f I1 ^ 11 ^“ llu 

LoLJI jljJ% 1 4 i na*JI ^LuulVI ^ a 1 n*i oil. 4 xjIa O ,inj 1 LpI |ja ^t^II ^lc 

. cell walls 


Matthias Jakob Schleiden (ja-tLi uj£L». ^ul—uL oLuIl ^_lLc. j“ «l 
Li)lall AJi Ciii^ Uj < L^Lk ja oil Lull j| . \ AYA <ku> ( \AA\ — \ A * 
jjJjuj ^UVI at lA.rVl 1 A*illij jJLc. (jlj -*»« iCiLull ■■■*> ■ ■«^j~ olxaj 
j£Lu lit (jl cJlall lluJI ( NAAY - NA\ .) Theodor Schwann 

I j . Xm . jjc. i*n$i CiljljJall ^ L^LklI jl t l‘iM H1L1 iCiljlj-iall tlulsj 

^Iaj ■ ^"^ L V * j^a 1 V Ijfj < I *..u> <KijwiiH j|l^a&ll ja Vj. 4iaj 4 jaucI 4L.I^a 

cell theory <alUI L^ki ^ 1 ). Lu (jLLLaJI 

4a% 1 All iLj$ull Aja-ia ja L Jj AJjall juJL yjj ^lll <ij .Aall olljl^il 
L^UJI JX£ tLpI til ja ilic ja jj£u . ^all d I .*. .ill oLjll 
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• L^LLII 6JjjlLo 4j^x^c. oUK ^ji * I - A. . X |jj£ t_JLiJI 

. ^ 4 il-v (jjjJjjj 0 • ) < il-y 0*. •♦•,•••. •••.••♦ I ja iajjjjlil ^JLII 
j'i fl «** ^ I j a i* i^l ^ill ■-**»! I oLiKJI cuL^ ( 4 jaLj 

^klLj unicellular organisms. "5-xLiJI Isj^j Ij^c. oUjI^ oil£j < Sj^-Ij «ulA 

<jjxa*]l oUjI£JI ^ J mi j^iJ <uLaJI tXu>j <jj.A«J l plnKILi 

. oL£K ^ iJlj j-ttj < UiLaJI 

. 2 .T.A > . <AjiJ jj I 1^ 4 ll~xtl !j 1 %J f I 1 .t,VI jalU Jljjl t -fciAdi < lilli ^0J 

< 4dLOiJ I jUjuA (jJb iil^Jlj . lil^ll 6 J i%j pLiaVI £ya JLJLI J \ li ii ^Jc < jrttlllj 

I (| *!«■ ^ >«*■ ylll SjlII jl«-»tl . <l>JaJI ^jljk V| Sjji^allj ^^*>1 > >11 L«j 

, d .X ..II jLtu^a ^lLui ^Jc 4iiU d Ua~. jjayt ^Jb 4 itib-JI <ull tjlllj < ^.al'ill i/Aall 
. j a ^iiuuiA aj^aaj ^j|| j I a 

j »‘«H ^ollll (ju^ll jcLuu ^jll p IjJlII ja *lLx.I jj pIjJlII jV < Ujj j i 

< >y tlall ^Aaj jJk IjLufil jalill ^j£xl ,<in i ill jju-DlII i^ya jCp.il ^*i T> 

, <1,0X1 (jK Jj^l JjUcJI jl£ I <|K < L^Afij 


I J - ^iuj < ^jui \ . To LjJjia Jx&i <-xA._u J\ i idt II (jLiiall _)jllaJI ^irtj 
Jiop jUab^l l*Jjl_£i ^Jl 4 iahII * 4aL^jII 4 i A i ij . T|> i ii • , £ 

Jxoj till j i^kj , 1 1 »^» lju >Vu ii 0 • Jxoj L^Adxaj < Iji «iVm *\ , To Lbjlal 

.(jlliall jjllatl <Laxi >-fc Ju tjx \ To <»lojll <Luj 


jaj jjfi jx jklauJI j£xj ^UCjl < ilA jxtl jjfikll jj£| ja <ULullj 

^ojVl ^pkiA <aLijjl Jiop ii Lull") 4 li+ lall 4 jjJj J n*x i j| t Ijxx N , £ 

^ll£I til lift jjl Jafajl jij (JjjJa (Ja.j 4-oli ^Liijl i t IP1IJ Zja jj < Ijia T , V ^J| 
^■jiUI I . Jaxpp^lll j£j (jLxujj < it | A (Lal^^a^LS N 0^ JJfcJ Jj^aj 
(jl^xa, (gl l|« ^lll d ■ -~.*H jx jj£| <iau 4^LlxII ^iA*i ji 

A, 0 l|~l^ Jxojj IjujitMi 0^ l| iAjCj lj~um>ii T• 4 n la JI 4i Aii JjL ^li*|) 
itliill <Lmj ^axa* Jxoi tllljjj p lii^x IjidiTim N , T • • Ij < CiUja^ 

. d»l~ til LAxj PAO iji T £ 
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Lai| JLouiVU < jj^Lkyi ( jaull gjjil jjS| Cum it 4 mIju 1I 4 injtl tillj 

j5 ^jll < whale shark co^ll jSijill <4jaJI JLwVI ja£| (jaj • 1* ^“ ^ « A~i 
(jtliaJI jj^l iLJLj <J*aj jl < Ilia £ ♦ 4aij£ < l^jla \A 4)jla 

^|AI <lSkl Ij^ukll JAM Jla JSLuuJI 4^)LAjj ? l Aji V Oj-^aJI JmjJIIj 

Lfl^k jaull Ijjb ji ijalj (jl iaj iij . jt laTia jjt JLu LjJ <JijJua < »Aji 
V , *\• • I j ^Lj . |^_i^j_fcjduj A, Vo I uij < W , Vo I^juo^jLj lj in i mu V * 
4 /> !•%.iA jl jl LOJjj .OiIjuII <LAu ^-•a.a. JlAal 4j}lj jl 11 IjlajVuu 

. ( ialiull ialaul Jia Sja Yo • j-Ll Cijall Jijill 

I «l~. — I ^|uu Ji ljj iol iijll (Jljl )U iCiAjiill olsjiaJll lli-uil La Ijjj 
Tfl j y_jia lj_l a l l‘l< «i V • CilijVl (ja Cilj la.j n irtl'tjjl < irt UJ j CulitJ 
Cjl_>a £_Jjl jc }U3 J-ijj jl < I K^a Ijlnjltm 0 , • • • I j a aa £-Lj La^a lju jVmi 

•* r* 

( _ f -& CilijVl (ja oij (^i OJa^j ttf lll Jj-Jall J>k|j «4_oijiia Jj-Ja Loal cJliij 

■ |jllal £ <JjJa ^Li (£.111 1 giant moa ja^iill /gjll’iytlll S_jil jjLL 

^iualj S^a LujJC gJul (j-*J f L^J-k^ ** 0 oia-OJJ < ((ju-iia^ia^ 

. <aLu)l jta u ru 

(juJ elephant bird jllkll JoilL LAjI i_i yu ^jll aepyornis Ja^UI jlLkllj 

4aiiS (j] jiC. € jj£VI (jJLc. jllal <£jla 4_I^La (jL£ jli . I n a. ja£l 4iSJ Lalal jlajk 
. <abull <lj^ (Jlaal j^II^a. Jxaj jl < ^all Loljja^LS £ 0 • Ciilj 

^ j *T jky ' Ijlullui VV, 0 ^llja Jjjkll ^jllall LAjj Jl)L Juu jdj 
Ciau Oal£ . ( Sjllall jnul ilk ,*i»ILaJI (jla^lLa. J lj«S« Ij’injTun A. \ • • 
LlAjj a 5^_o N A• j 1 4—oI a ill LiAjj *»■ (Jl *i al LaiLu (J_ykll j aUrJI 

4 .All >".*l^ i.l fl fl dlj ^oj < (jlaJall jjliall 4 .At. ^ Ayo tY , 0» • j 4^Lajll 

, (jAjVl <a>j (jJt Cijfli 6JJ»j 4il-> (Jyiall jaLIall 
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t f Vl jim^ j. a\% a * lj-ii^ j* i Will ciIj|j-j^II 

^ I jill <J.« ■*■">! ^4j < placenta 4 nji.till JjjjJa ^C. ^aLjJI ^gjAjjj 

6l_ajVI <> Ci^lirt ftll 1 iuj i < (jtA^ll (gj^ ft ^11 f Vl (gj-a^-o jvjUll 

^11 u l i ill I dibit < £ l*i "h"i V < Jxall I S^Jj j| ^jijl I Ijp^JI 4 ll^l I 4 _l*A_lJ jj . jAV I 
^*A-i I J dll a inVIj uA^lj^lIj j^__J=JI jr> u J^_^^ll «■*»■ -All p |j, j|| 

. ( jkiu^J I jaiJI 

a*- ^ djjj V jl ^yAj (ji «Jlill Jj}*» Sl^II i*Aj$jj 

^ ,••*,***,*** jdA (J5|j f^LkieJI ^jliaJI ^ \/XA« , • * • 

. JjjJall ^jUall 4 inn 


jliiAt tA ii^ll oljlojliiJL ftl^ll 4 juLtii <luuj Jajj Vj 

JtA.ii ^gj^.Vl L^LAilj 4-jJaJI 'j * 4 jLc 4jj-l2llC i ii^ jJjJkJLuJ ^Jl 

\ , 1 * • , • • * jjJIJ *^i 6 l^iI 4 iAi^j a ^ ^ 4 i 1 O I ^IdAjycul 

. ■ jlftjJ^LA 


<4 flj^fldtl 4jyAuill oUiKil JOU jau J. Jj AI LIjU Jl.'l.jl Sljll 

olajj i -Jl £-a (j^alj-aJI (ja ,.U,X«II ^ (llj.a liii (JlALI Jixui ^ic^amoeba I IJ »Vli 

Lj_Jc jULi otjljo^ll (ja <x.j,»..a n ^a ( I \ > nVl | tX&lj <<j al-f. 4 i irti 

OjI^ Llj ijj i 4>l "k Jja I i i aV I jjSuj . | JjVl ‘*.l‘‘(j ■ J PrOtOZOa Cj LtjV I 
< CluiLuiVI Ij . ~^11 JS fjjJj Jjl ‘ ** -* I ■■ » tjt jAJ juju ClL^J I ajj \ 

^ilj-a. 1 i J a Vl f ■Wfc £-laJJ ■ *J J .» ^ (jj£» (j 1 V. 1 " " ^ >? * ?-*-* 

. Sl^ll CAjjj Jl!Lal 4 j^Ij ^lu Ipll Ijlj < ■ jla ju^u 1 , X* • , • • • 


jlu <GI iaijjl J*ilL < I m »VI ja jAl Protozoa CjIjJjVI ,ja*j iflliij 
. Lj^IAJI Sjj«*ia a.u .,1 f. olaljaa. ja If-al 4ajjlj <SjjaJLI ££JtlL 

<n»_)ila iJjl oLaljia. (JlxAj . Ij ’iajl'n ai N . 0 j^ljl (JW» (J*^j (jl ( j^^j L? 

ll« . Ij~ .j~‘.... X, 1 Lfl^L JaAj < Nummulities jjjJI olj_i*i^ l|jlr jllal 
*j ■•■ «■ jl <UjjUI LLjtl 4 ll^ < llT^I (J.lil » jJ <olail J Li3tJ ^a-4*aJI (t( Irt <11 

. fcliUI J^l 
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(jl ‘ 4 (J t*j JA ^il 6j J * I S * L^LaJI j»JaJt-oj 

£jj Z IS ifjl J-iJ Ixa. 6 j&JJ JjJJLI ^LaJI Jdttj j*"i tut eliJdl <jAju 

Ijl ** ‘ ^ Lg_l| ^X-jll ^ If i LI * L * / U ) J fl < Q.t J ull 4^1i«ilj • IjLi^JI 4dftJjuU 

LpLaJI j i Si ( SI^II 4 -l^j J L 4 -SI V| (LudoVl 4 ‘Aj cujji L 

• 6 Ij—LI * * 


jvyvi (jjllj La j\c <Li^LAJl JJjua 4jjj^ll L^l%It jii inll ^-Sk^Jlj 

' fc ‘* ^ t I a* A,f -ft Vl * * < 4_J-LiJI 6J-1A.J 4jJ^AjJI CiIjjI^II L^Ldk 


^jj!Sjj ^jII 6j »>u.II Li^LkJI £lji| jjJc LpLaJI j jxTu ^(£11 

oi^J * i > L a» 0“^J ‘ c£>^ jl LjiLaJI (j-a £ji J£ (j^wxaJLy . L$i« 

j^iij < «d!j ^Icj .<jLJI ^jLk.1 *Ar ^111 jySj (jl t_»-v> ^ill <LK1I Sjiilf L$J 
Jljj 5fj < I n <VI A \ K c^uJI u&ju j » ini body ceil L,i m ^ a jIa jj£j 

. J-iAil S jv uaj I j I nf . jjl Lj VCn J 


LljLxojS ]Luli ^i~n*i jillj < Jlill (J >i m i liver cell L >mJI »<Jaj 

0 0 p 0 
jc I j < I Jt^Lo I^JLa\ , Vo • ^y-A I j a-\% ^liJ V < IL .^.i 

. LioV I j^a \ / Y , i • • j < 61ja I j»A>- N , A * * 


bjiiSJI tsji— ^ Vjl>3 

La LpLaJLa i 4_i ~>ll Cil VtKII ^4 6J-^. jl ^juall Jjil L^Jil j <JsJI Jlu V 
^jl -"‘^ ■ 4 iJ-\ Qia^l la Ijl^ .4 t*k 6 jLa 4 aiuIo-u JbUj Vj 

^jjll <"i tt_i h j ilLi j jJli 11 V« (JSLlj ij ji^ (j-o _j i ■ rfi l jkLu^a.1 <j-a fij£ ±i l+il 

/l^ >4 CyJjj tf . T « lTC ...VI Cil l' J I ^ILe < \ AT\ <lu i ji Sj_o JjV v i-jaj J—ij 
tJ ^1 in^Vl tX4 j« A \ a»l NAoA — WVT ) Robert Brown 

Sfjall l| j l r ij^Uol jii 1 11 n jj |jall U^IaII jja ujilL ^2 O iK l\) < “L-jjItJI 
. 4i.ua J&lj 4iili <iu l> ‘ | Sj«dU> iit i*i. nucleus 



jij ijuljjll «< il«r. ij_i X Lfi 4,il4JI !ljj (jl <bL|jII ^ j| h jij 
CiljXtilj .-.I a .^11 Sj_Jj 4 iK ^ >■■ ■«.■ , j\ajfil (fJI La^LaJI ^1 m 8il 

. f Vl iJiJJ <LKJI 

^jII cell-like objects U^LaJL <| 11 .till ^L-u_a.Vl 4 JjLa jl^ci ^jJL 

j»JLi jvLu^-Vl aJJbj Ifa Ja^i 'll Ijlj iLajJ i «i In V i^jV U^La. j i‘i>1 V 

bone marrow * l~«H ^1 ^‘i 1 f...~^ll* a.t>.tx, j^l—oI ^4 I j * j*• ■*»** 

jL^VI :>.i .iklj cijJajl ^L+ill ^Vi lI jrtirt % *ijj .^jjj| LfJ Ju^fl Lpl_^ 

.<Lal_C. < > Irt 1 d ! > ... ^.H L^LaJI mftVl ljj& JpUaj (j\JJjII ji •> r ii *\VL 

. red blood corpuscles VIj^=JI ^jll oL^ * ^.L^Vl ajj& (J ic. ^iky 


o a 11 « ■ l»j is*~^ j_*^ cr^i c Ij^-^ll ^Ls»-i 'll 

i>> VT* liA Vj < I it^a \ * ^iii ^jtl 


• d t j X 




j2 < platelets ^jtl ^ulLa jJu^at j*l ■ ■ ■ ^ 1 ^^Je. Li Ajl ^jtl 

^jll julij^j . t-iliA ^4 ->~i 1 n~ . CiljMj^u 4 »i “ i {jt. I j n - ^ t Jjja 'll 

J« ■■»! fj4-i ‘ * ** **•*■ Li^La. ji ~i i ~i 5fj 5-jjil LjJ lajj V plj ai .ll ^jll oLjj-£ Jaja 

. |UtfalL 6^kjLI Ll^lAjLl 4jJJuall ^.1 1 nlV I 

»<■ j| j * f t 4_iiAll I a i*I ‘ J d *.l 1 , aljatl |ii il 4 1 1 < 1*1 III L*l 

, <jj^ <ja J» .'ll aljall J j’tf' i lilljjj ‘ IjiajjSLi_a V0 (J-paa 

. LjilJ d il l i «l ^ya jjS| 


^Jlc ■ *-»j <YAA^ 4lu ^ii tiiaJl ajlll ja 4 <uili*i m <]j£ <r i*m at Iplj iljlllj 

Jaala JLiu Walther Flemming (^A.o — \A1V) ^lult jalLi ^UVl ^ujaajll 
* ~ ■-~lj ■*.!■* i-Vl aUA J« xSj . <jL=JI ^LubSal plaal iI jj JaJj £Ja ^^all Alj-a.Vl 
.^jjjiVl ^LuiaVl ,*nli Vj a I jail Ja.lj ^luaVl ja*J j^t P I ja"^ laaia ^IjaluiL 

chromosomes j ol »«i«m^ <«;*a»ll cJLS yjll ^ 1 miV l ^It jjilol iij 
. <Jall ^Laiil Lf i Ijaai IjjJ Cila^a^ a^jfl l 4jl piljll j* oLj < ( <<>111 ^ 1 miV I 
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A 'V dllj tUUj I *i l «!--*« » W I JjJtj 

. CiLo ^j-u 9 j SU I <iolS 4£^a^a 6 J-lIj 4 ll*h Ji/irh i ^ |>IV * CiL^ui^ ajj SJI 

Lj^LL ^Vl Lo^icj t ^IjQI SjJj-o ^ J£ oLoywj^AJL^II ^JJJ 

^jjuij^j^ t oL^jujpjSII 4xj a \ « * jjlc. VI ^-Ldjjj J£ V € oLiAi^j 
JS <jLfl L>Lk j$jII £' * * ** Lo^J .oLajii.j-oj^iJI £y> £JL> JS JaJj 

Ji^a. rvj .'^ujU!Jj| . LAj| oLoj^uiJ-aj^ll 6Jjb t-.* * ^ r j a ■ Jja&j 

TT ^| oL-aj-ui^-«J^I 4 J -0 4xj ft ft uiuAi^i^ Ljill '-‘I * 1 J * ^Ij C‘l -41 

Janjll jJ (^3^1 jlj J ^ 11 ^-a Sl^Jtl 4 J. fh > u Jtfj (iaii 

• ( ^.Jlll ■ Q Lo frL-U fr- O Q j £j I £jA Ukjj YT <^aILI ^ <JUCUJjJI J 6 1^1 1 <il^J ^LlLAJJ 

4-il^JI j£iH 4jj£jII ^ .Ufl J'vm t I >. ..*«■>. < jj 4 a all i^iLjjK II jj Kt< I o Uf 

r*» oLo^JUi^^t o % t irt*> 4 i u”> ^11 4.<Ajf-JI J A .^JubU 4^AJj_JI 

* 

pLa^ii 4£.J n Lu ^jLljV I <uV I ^ oL^xu^aj^ <£ 3^4 i.iLajj 

. 4-oI oU-uaj 4jj| plflirt dijj jjK <iuaaJll j^Iujj <4_Lal^ 

v ji^i (S J~ X ~** ^jVl <jl ji <<Lj£j]f <_ilaJlj LLOJjill 4-klaJI La jj-ftllj 
^jll d liill <>a JjJja JJ 4_iL-oV L | YT j OLjjluj^jjSJI £ja <£jaa-a 

ja <-Cj n ■) ft v-ii^i LfJ 4jj_^jll OJ^IIj (4 ft j mil ( ^1^. ^yLu <jl uaj 

6 Jja.jII < *lj«JI ja LajI lja> J^JaIIj ^ La +i-u g- a 1 + j S YY J OLa fr*-g y- a 9 j 5llI 

La JajbAjal ( li^ IjjJLla ^jajuo A wiii <Lj$jll <^l^il | Lfiij >1 

O^J 4jL fj\ J^aJj ^JJ <L&j CiL^ujj^jlSJI {_y* uiiAill 

. oLjiiijajj^II jjjo < 1 aI£ 4cjaxa ^jj| 

« J>a ^Lil ^j£| jjSj I^jV « Ija. S^UaA 4 lL 4jj$ill 4_kl^ILfl -“H Ij^tj 

^ *a Lfl jjjitf ill 4 oLJIj . 4oLi& 4oia» i|U^I uil£ l *| * dlj ^oj < 6 Ijj 
if Ij-*aII ^«itl 4 jL ^ ^ jjim^ jd» Jilt 4 VI jiul I ^ * IjLij^ida W 
i jLuiVI ^iii^ ji A jija«v <J^ jjL^I juju 4jj^j]l <jlaJI jl iu iQ^aJ 4^1*-^ ^{ 

■ cr* O' 
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A i i .nlLj 4 _lL^1I |^a Aj^ AY * * • ^Jlj^ ^ijVl A injji Jj^uj 

. jLkui^U 4 uujIL jjjl aja i * JjIju L^jJI <iki jIa i <bj$3 4_J^1 

< jl jJu^ll JiV iVl J-aJI Ldk ^.Jl L^LaJI Ji 

r jslWT^k JDS s^lottO<*u^L 

SjjJU^II ft j^A jia_±j Jj^IiJuJ jll I n.lif, < N*IAT <iui ^A 

jJj . I4J iv t^ l| imji ^Lij . ij li ia Lai mi^ I *■ tnil^l i A mjji II 

d a 4 o \ll oUilill pl.alf. U|^£- < Cojjuj La ^11 ^^IsulL jSIj < UljJJ 

jjjj IL ■» LAjiLuj ^lj . bacteria L^u^i _i «Jijaj La ajju IjpL^. 

Jjjjji jSjl LfJt (ji ,jJI « (jji (jt 

. ( WAi - WT. ) Otto Frederik Muller 

cuj^ oL^u itj ^iIl oLuUc (jl LjjjSill <j| 1 ^>jc 4 wtilill <l^uaIIj 
(J£ (jl (^lu liij . ijjJua -I ■■•-^■1 j« «^~ (jJj iiLayL « ^ji ju)L 4 |jj 1 ti ULaJal 
<1(4]I oiK jAxal |>.n-Till (jLS LKj . <jjLt <llfj JaLu (jLS LfblA ja l£j£ f U J ^ 1 
ja ml <JI—* Li i 1 lX ill Cjj | In I J_Aj « I iAiI L&j^aj jail 

* ^adlj (J^jluJ 



Joseph jlniil J b'jt a. (^jiLajyi oL j i ^-iiI I Jaj ^jiil < ^al^jil ^ij 

LiL-aki ^ cil_ - 1 f < NAT* <la*« ^ ( NAl^ - NVA”\ ) Jackson Lister 

Li j* - ^>1 1 coaa^l oijtl dlj Jiaj • 4-u^l Ctiiic jjJj ijiiaaJI aLuJuVl 4 -i a >a juwij 

. 4 lUa S iaiai l|*nuljj ju (^ill aJLjagjll 4t_>i.t ll oLiKII (^i 

plj^Vl ti(i SjjjN 4_i n<l J^.kl |£|_I< Ij^aajdi (j£» dUJ jilJI (jl Jaa 
jiu^l (^uijjll ^*1 ■ - XII Jl I jjk ^Jc il (^*1 “a — SLuJI ja Ija 6 jj * -ia*a lI 

u“jJj (jLS « NA’No <i**, ( _ r »_i ( \A*\o - NATT ) Lewis Pasteur. jU.aL 

a a* a.i L^ij^j Ja&V JJ1 ,4xuujlll y ^ aII 4-C-t >irt ^Jc ^LaallL JJ4 |call ^ill 6i^J 
tji (jl <i (£(■ IjJ JLij < 4 <1 _»I..al l (jljUjM a J_j-»j-a (j£i LAjjll jl<W u* 

g, il 4j^j < (j^jJll £ilj-&.j (^1 i_at a ni l /it. ^ 1 (jl j Naj 6 jj ■ » i rt ll C» l j l *lt »ll 
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I ‘« fc jl Lfjji iJ ■ .1 tj-o Cil j l j « U H £xa liA ^^-*1 jl 

. liJJc J-iljjj 

iS lr. jiki ^-ujI fJJ j-aJI ) jij-J Ojlxall 6 ii 

■ *m ^ijlj 4 t a A f * * »~ll <aj| J* ^I Ai^lj Cul£ Luj | j >~i^ilI Jla < I.L& 

^11 LaiI CiJlj < ^LJI ^*i ^ lI J^lai ^uill aLiaJ £*}ill jajJI <Ac.I irf*> 1 oajlj 

• LjjjSJL lUaj jjji ^Lalll 

Ferdinand Julius Cohn ( j_jh^ 4 _»«l ** * *j* ^_jLLV I oLiill ^1U ^>il 

L^-uSall |> I f £—a JaLu ja Jjl jL^j < JajJI 4—> II ft I J \A^A — NAYA J 
iiajjJol jjSu t NAVY <Lltu . <A^all L$j| bacteriology 

• ^Jalf li$J juLuiVl 4jl Jilt lai n I LljjliSLJI jfi pi jl'V n Sjlj ja 

(jj5L» laajj . 4AaSjll fLuVI Jja jLii ^yjl aUaJI iaaljj CAiJ 

ija ja£l j.iaj V ijij ~a < iu^a Ciljaajjlaa V jc Jjjj V Ljjj^all j I 

. ijjjiu Lj$j 4-ilA. i jirti ja jJilj <LjaJ J~ <a.» 

4jLc S l_. *a ll Jja plj^l < <-fl 9 )JtI I L^uSall ^Ijll jJLi-aV d • ...*»tl ■ La I 
4 J i ii ufI 4a j «Aatl CiIjjI^II ^uiL L^u^JI ^Jc a flfl . I a*%. 4 flj^ll 

< N VT\ 4laa> ^jLaJ .1 ftLu ^ pleuro-pneumonia-likeorganisms ’ Cjllj <_>aaJI olja 
* . \ jc Ujk< lijj )f lj-& Sj j i i a Sj-S CiLaal^JI 6 JJb I «*J ^ ja 4 >1 A. 

* r * * 0 * ^ L^lIaJU f^kj 

<J-o ^ L^J-a J_^.ljll JUJ4 V Ljj'K* jJLbol <jl ^ \%i IjJhj 

. <u£jll <* 1^11 ja \/V, o * • j i Lj ^iCtll 

<rtf jjI^ j a *-^1 oljJ 4 ^.ujuJI ^jjj^jjl jiIju 

^j^Lixtl ^Jc 6 jjli SL^II JA 4 aJbJ JjI — IVaIt jjS jJt ^ ^ 

• | F I Jill d I 4*4 till 4 ■ IX. II jijli 4 Ljj .f^jS >LH. J I 4 jl.i 1 

4j 1VI JS jj| t_|l^II olji 4^44 .^.H 4 jj .A e fl CiIjjI^II 

. SLiaJ <i>!UI 1 iaLi*aSII 
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\ • 8 £jlu <Lt£ Sj_aJI SI i-fc ll (j-a jJLi^Vl tlja.Vl 6 .I 4 J t ‘nL jjl jJ-Sjj 

iJjLu ySJ VV J J_£. L^ifl ^1 cAj-uij < ^Ij^. 

.i&uijlll ,ji jJljfl jSjII ( jQj 


ciLujjjil! jjIum fj\ Vjjj 


4fl \ \ ititl 4 -JjaA *11 CiLaal^ll 4 jl~w Jaaj ^j| f jju La ^uLj JoI-m V <<illj £aj 

.ftLx^JI j^ta Cililt 

ol jK-flUll jjAju Lfl (jl pLaLlII ^L." *..« |J <l»jjlII jalj-flVI ^jAju (illjjb 

duL£ CiLiLiktl <jl Lalj I <L-LajJj-aJI <L*jJalll ^jl LaLfl 4 .^11 4 a_i *U 

i jJUaJI J^a Cul£ Lfil Cit iliii-JI jkJX. l_iI i m\ .1^1 . jj jkJ I ‘^1 6Jjaaja 

jjlluL jj*ir I .jia * II njj^> a J i A fl| 4kuul^j ^a ■>. I ..A 

IjA juiatl <LuajL 


Dmitri AjiLkil .^1. oLull jJLc jujj <\A^Y 4i< u 

tobacco mosaic disease " ^aoll j-a ( — NAT! ) "l.lvanovski 

O-^Laljl,. JIjjVI JatLuu 4-tSljxl jn iA r ill C*Lu jij 

, ^jajJLL uj! <<h »* I ■ “II ci Lull ^li *<!■■< ciLu Jji L S n il j 1 ■^ r <51 jjl 


<LS.ilI i ^iJJ (J^lj <il haI I <- 5 >a ll j I m f ^t h tjiLiij ^IJ 

. Lju pintail (Jljj 'll (jl£ tillj j-oj — Ljii^jlI jixal ^ia. I O^u Jtu 

^jIj jujjIujL ££iU]j-jJI oLu)I jJLc <J5Lubo i ij ^ai J^ajJI Ijj) < NA^O 
Lf lr. j _< LV l j_Sj , (^V\ — \Ao\) Martinus William Beijerinck dj j _■■ 

<luu J % i i^u *\ < ^jui ^lu <iluV < «K Virus i hiI iU ^uil ^J*II J^lall 

, l|5IUj 


William Joseph Elford jj^ilj ■ ° ^1_ iLj ^JlL^jll ^jljipSjll (jLS 

■ il‘<l ^lln'i mlj < \ <iiii ji jjl I -k it)j f..l 4*iiiti Jl jj V ( \AsT - \A< • J 
iUS jSdual ( (jA <j| ti<aji i jic. ) I H Mu SlI II* Jjl J<xajl JJj . (£j*ll J^Lail 

. LjmSu jLual 
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Wendell Meredith ^JjtLui £iJj b ^x Joj j^j^oVI ^ j_i-J I ^ Ijnj^l l (jl^ lojjcj 
■ 4 jLa« £ju jljjl ^Liroe oLu^ jjJc Jaju | \ W\ — \ ^ • £ J Stanley 

Jt ^ 0 < ’■■■■ tillj * 1 * , ( |ii a ^—l—ft!I lx£ Lt F^iiu JS jn 1^ ill ^ Ltti ml 

tjiVL ^ |ji iti 4 flitj qI tJ L (ja <li^ Lf Lt Ji<v> JJj . o l )» Li Z >% irt ji j J in til 

. <JL i i»t nill <jj*JU jrt’il <rtAJI J£j i-iuiTi l*jf jajj I^Jjcj 


^jLaJI ■ < j5 i>1 1 a , qL^nh^ ilI (jj JJI& jjjJaj fLuVI tilti ^ij 
<illa> ui 5f| i V Ijjkj . I j u (jn^« it I t- Uil (jc fLuVI _>j5Li 

(jl^ ■“* t f^j^JI olchj^ i^y° itilI ^a>j ji^| ^c^LaJI fI±wVI CfjI^ Ijj La 

j| I j njiTi fj_lAII CiU>jj (jU *J l . l ^~* f^luII j« ja^l Fjmll CiLa>jj Oil^ 

>1 (»■% 1 jjJj _^oV I J I/-U I ».l If jSilj IjA ij'i ■■» FJ-lAll ■-■L-^j «j , J^iJI jLa. 

. I j ■» n JaLull ^.t»~..." ^ f^ffJI oL^f ,jli Ij^ijUI ^ljj| 


< N^YV iii . j » i I a ii I j iti qI iiiii t lj % 4iidj .7.1 *«■ ■■ 

Clinton Joseph Davisson ^ ..._.«l i uij'n-a. (j j ~vJ< tf ii_ H iVl ^*ljj • »H ^oJ\ 
particles oL^o—i m 1 d^iui ajIx **l I■ ■■ * ^Jl oL i^^ oSiJyI jl ^ \^oA — \AA\j 
Ij^i jjSI oL^II 6jjh ojI£ waves, cil^il djiui oVL^JI Li^iI till« h*i 

^yo lj» IF1 jJlSfI f I j i fi l ^UFajj L^tljAjul j^u <_nmil Fj^all oU>j4 ^ya 

• fJjufJI duulji L*l jl ^lll f LijluVI 

I 0 *il<i l > o 5fj ^ j *11 In 1 1 < n i S l In Ifjo. ■*■■•■ J iuj^JVI ol^>jllj 

(jl iqI iiiJI II <kulji ^ I'V Vi (j| (j^m F^idll CiLa^aj ■ I fl ■ ■■ •« 4jLi_)JeJLi 

( jVvVi (jl (j^aj 4~i-t inj (j^ajuja jimixj * j- •4->ji ^jSJVI ola^jil 

yi«ijll ^jlil (IjaII Ijjk J^UluiLj . * ..■■Xl‘i« .^^ $|| oVLaJLI duu|jj 

’ ( ) Vladimir Kosma Zworyki 1 -jj < j _ j fijJQL 

gu-j^i < \^Y^ |kl_c. JjJLjj < electronic microscope* ^ ‘KIVI 

, Sj^Vl (Jj^il j* !j* 0* j*jual (J LaC. I j j~i~ t .J (jl ( j^-aj jl^a. 4jjl 
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Lfl it Xj oLwjJ it fill <jyuljJ Uj^UiJJ^ill 4lxulljJ 6j-4 1 J 3 V jSu(j 

6JJh CuLS I jl La i.fl j 1 Ji ^ < <L*ljuJI jIa t (tlllA j j.In < 4_uj-o *■! ...^ | 

. 4_ia. oLuijijjAll 


4Jaa-i ^lll <j^ilal,l <jl» 1 t 4_ilVI 4l Cj« nit jujjiiJI (jl ^ja oLj 

jjl ^.ilm*i mu 4 iUH t A tl"fc Jj la .,1 Aj&aa tillj ^03 . J l fl * ■ ■■ * 6 1 »^ 


t 4olaJI c->l tur* ^Jc. 4olaJI J^lj jjl <a£aj 3 <4_i^LaJI «UoljxV A il^wll 4-Jj J***^- 1 

{j* L 1 Aj ft f. jJHl iti jjLS *iaJ ■ 4 ^ I ft j>.II 6jjb fLjjI a iL^II J1L. LI \ % I 4j^cuj 

^ 4 llr Alic. ^ It Still gxLtJU ^ill jl oLuilj ^yil ftJnll £/-» ^SjLsJI J A ll l SirJI 

* * 

*? Lia. LjH jl i"if I Jjb j$Jj t ciAjll dlj 

4_ia. oLSH Ciii 6 j^Lla oLuij^ifi 4jjJ Cul^ ^LLlui jl 4AjJbkj 

rcill J ^OJ . 4-ia. CiIjjKj Ouulj <jul IA £\ jljAJ Oj Mftfl ol jj LII ‘*vH 

4jj, i^r 0 LjHS 1 I &,i x> 3 A 1 aII jjx pLu ijj i.flll C*il^ 

. 4-uLiaH jl^ jv ^all ja 6 ) v ai Jaju 


4_» ^ill ^yj>uujlI 4_fl^A-a ^Ij pLaLlII LaJjCt ^juuLaJI jI^aII ^La.j 

o b^j jlJLI ^jill I j Lu 4 _l^JI oU^HIl ^^ nucleic acids 4 jj^II jaL&aVI 
I la jfcfij l.jj. J SjLc. ^HIj < C>ya-u^Vl 

Oswald Thao- (^jij \ <j<-u jJljjl ^Lj^iill dii&jV <^iVi !j-i JLjV j&uJI 

J£1 ..Ij, -. ». 11 ,11 J^Lk , ^££ u* < ( \^oo - \AW ) dore Avery 

Francis Crick (N'Wl) .^jUI. Jk. ^JM.ULU JjJ ^C 4 -L&JI ^jl l a ilSII ^jjO 

yi A) James Watson j^uJalj ^jh.«_>■% ^^SLij-aVl j*vJI ^I j aj^l lj 

. \^oT<i«. 


<jjml mV I <1*11 j A ^jAaaJI j Mj l.,j. J Jl jjl ^i^ juiial M 

LpLaJI proteins ciLu j^^ -JI ^yu-e>~i ^->~ i _> 4 j(j oLa^^utjdtj^]! ot^^aJI 

L^Lk ijjljll LpLaJI oLLaII liujjj <L)la ji Laj| 4i|j < <a-uuVlj 

jlluj . CiLuI^II Jjlii I Ja JljLtaVl <<ilail ^Luaijl pLial ^Vl 
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gene ^uuil £>Gj_)_JI ^Jjjl j^.1 ^ ^ (^l ^jj-oj^sjjSJI a j-^-j (jJc. 

. ( ciljjaJI (>> jjjjJI Cr* ate jkjxu^ojLjSJI (j! iS^ '■ 

t ^ ii'ij^i p I ^A <La^ALa 4 _iqq i jjALo^.1 ^ya n oLu u q y lAl I I ^LOil 

<Uj^lll (jAl n ->Vl ‘ *fc " Jj-a l.jj. J LjJ Ijjim l-A_j_lilj ol— j A- 1 I 6 < 1 a 

Lfel Ivl 1 L4J CjL uuJj i (JI jJ-a j-A—toVlj km,VI ^IjiVlj . Lf-i aJj.a^jJ .1 

<^-ull p I i.u ill lit ^ ti i a y lfl (gqq -ill jnn^ll ) ‘Lik I tjtln 

■ , '6 > J LT^ ‘ Jfipu (jJc. 

<IjaXa 6 tyueu aj^».j-o < Cili.i^ll j^-p <jfcja^« jl Ij^jj I ij^ , p i; >j aII j »«j JAj 

Cilii-ii l^_mjLaj ^oJI <t_JVI ^ SljaJI iJj-o ) ^jJc. p^LuluVIj <_il-JI ( _ f -lc. SjjlSj 

. iijlc. iakJI 

^J> lA , 1 , AJjaj ^Lttfci ml J-tAiVl J>aA (J -i-UJ_>-lA ^ 1 *w L*2tl L. Ijlj 

^jJLaju^_klf ^j- 0 ■_ i *^ il jlejlL J^lj ^LuiJ £11 ~k . ' .*^11 JL^Ul 

u^Jlj 4 jj1I CjIjj 4 j 11 ititl 4 j^oAjJI <jJ^i jli <JtiLl Jxulu ^Icj -' I 

^J| J 101 L^J ^jl 1 1 A 1 I Jlii J)l < I >*^o I 1 a * , * * 0 l^J ^1 

. u*^o jiojili 0 ,**,•* * 

till fl . Lj i*K ill £-a ^A -*•>* » jj^JI ^j-o CiLuij^i flll 1 lillxAj 

IjJi 4 duJ yll I <jLill Ji 1 in ^ic ( 6 jaj^II pLuijj 1 aII 4 -a.j t ^ o 

j^LtLi jjfjjh I i^u-iisJI jA 1 ^ djju ^0 1 rickcttsifl Ll^uT^jj 

j_ a£JI ^ (jjbj . \S**\ < ( \M« - \AV\ ) Howard Ricketts ^jSuj 

f Lft 03 ^* o* U ^53 vjjSj-ujjS-JII Oaj Lf- Xig ? li n "fc I 

JSVl ^j-lc. jUdj < I ug^tjlli f cdlj ^-03 . 6j^ Lji Jlial 5j 1 tif 

Jix UUJI J^Ij VI J jLu Vj U-.L-VI <^lj^l ±~i J\ 

. Ci LlujijjAII 


Rocky Mountain spot- 2*1A\ 

jm 3 a j *itl ^o-At I j ml^jj ^ ^Jjjj typhus fever. ^uja-uII ^jkj ted fever 

. I 0 £ , * ♦ ♦ , * * * 
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A. j Vi IjijJLiiiU i.n I jiijjjAll jJLhol |>% ~k Jmjj 

* * * 

fLuiLumA i m + y ifl . LjjjSLi jLloI \/\ jC JaAA ^Lfi • Ij^apU 

4 jl * ** j L^-iJ^j jJLual *- v ‘ s - » * JaAi <u^4 jIajjIj 0 ♦ , • • * ^ull 

. ■ * j^jIj £*,**• |iV\ JftdUijlA ^luj < | ^SLkuAjjliij pl-k <«^a jaa 


JtAll 1 u>JI >- >i »n —II j4 4—8j|jJcl.l Cil—uijjAlll 

. laii ,_j»<L« Jlapb Y • • •u&a. Juu j2 lujj. spindle tuber disease ^uLLLutl 

jjJ&j -J‘ J», irtl |> \/Y 0 • • ^jllj rfc J_iaj jkaAtl IJ ft 1 ‘"•j 

• ' *xA_j 

\ • ^ X \ , O^jaVl <^,t IWl i JAJ .^^ajVl ^Jc, SLi^ll jti A J a ^jjj dll^Jb 

Lfl ojS&I (oJflf UJtA? U3f^ Jiiill ch* 

6j^ii ^4 julJU ^ jjl^ ji J)JhdjII ijuJ^iaII (Jlj ^AJ .Oj^uiil 6j^ii 4-t£ 




fji nit I ( jJblHU J^ll jilu V oLu ij^ ull jLloI ^a ^c.jll ^Ilj 

pi i.iiJj I all jjujtii ^1 jL ui >^[] CiAjll I. A J tfj ^Laixl |^A ll 4 jLa 

. 6J-ULJ ^kLaSU Ji CXj^ ( Jil jU < atxa 
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pit 


(Jjljjfij : O^YV — \*V1T) (JJJ-U jU^uil (^) 

* 

pL^iill |^i Jjjj SjiUk <i lentil Lj&LkA ji^ll jjiUl j^Sij^fll - Cjuwiaii o^jJl 

^jlLI . W\ pU 

\ • • • ^jLuu (tonne) ^ill l jJal|jf IjjjL * £YY ^j ( *»j j jJJI: jjJall (t) 

Ll^ji&^iiil jfi jx^l jjjju I Ci^tlt^ualj olpliu i nl LjJj <ULl <!^ia Jaii 6>ii (1) 

. eit >11 . . JIj ^Jk. 

[J -~‘- Oii«j d ■~‘ « Oji ^iU . 6^iaJ I Ju ummJI J^li ■ J«-a ^jll Ajn ij J Ij ^yJk (0) 

JUf.1 Jil -JjiUoo JliJ& .jiiLaJ w-UjIjI <^UaC .» nA« A n <jj>i .Sjjli 4 jj j jaIaj i<ilaj 

■*‘lj » —II ■*•■ .illLiA ■ Jji) ^li ft aj 4i JLWI (jV ,4 a I I.g aLUcI Ou i^> {£jJI . 4 UI 

I^ajJLi I I j jA . ^aIjamII kjLiAL^ 4 j Ini a 1 . l|,ltni pljliJI 4illaJ untill jlu ^ irtj 

ji.m 4_ijf Ji . 4-aLaf j« Jj .4xi jJjVl jijjl jJj jl^lu .jA jAj ^Ll 

. ( Tfc - \o ) £. C U—VI 

. f^jlU uJuijSI ^UeujJ ^iA (A) 

* Y- . Y^, NN-\ • x \,*VVTY ^jLul{j <4_u3LaJl culjll :<jjj(_aJI cuIj (V) 

. Luijl^l <|J^A 1 St^AA ^lA^j. j .,L>iII 

jjLi *lllj tr lcj .Jt «j > « . n il 1 -jVl Sj-^ «>• OaJj j| (jA A^lj £ 1 aj (A) 

• jlfliljiiill {j* jjjiLji ^Jc JaljjA oillll jlijjlill 

oLuijc pj A*i it irtlall Jilu : j ljy fll 1-4 I ^ t a (^) 

•^*j «AH I 11 •*■ 4jI 4 >1 1 imVI tjAi Jj>i< i4juj^j^1VI 4jLmVI ^Jc jajLLD 2»....LI.a 

. . <il 4 AaSjII jAAttUill 4j^> ftjil jljji Jlijj 


399 




j. utX ^ntlitl J i It 


U) tlifjiJf 


flu&yi SjUI **LtS 


< |>m % (^1 <-iil j> iii «Vi <jl ^jll (£jil gl n,i ill t ^ J _iiLjj_ill JjL^j 

^^11 (C t ^l AjA Aj^ju^II ^I jm^jj J 1 '■ * j 1 11 jjl j^ai jLa^ll* 

jLjjJI j-A 111 j ^A) Jjk .^£.lj jLxc. Ajygt jji ^Jaill ^IA> Jj~- ■■•«" jjl 

JA jl IjLAjII ojat JLa glj.jul Jlli CuL^ Jjk ^1 9 /‘iy l ^JuIj jkjul 

5 ^LuiJ ilj jij^l A^UI ^11 jWllil‘l jl j ^AJ V ittfAJ ^LkdJI JA ^ jaj 

&•£ Vj <j » i rt Vl li* Jj-o (ji lj_>ii otf-ill <i-u*5L*ll jjij jJ 

JjIaa j)K LaAlH^* < 4 aajj-^j jLaojI ^aLlasI fLlaaiI ^Jc. jji I a ) £i jj-ijll 

. ‘U-uiLajI jajjl jjic. aIaj Hjiti*iA 


gjLu JaAU j)l < ilt>A Ajil |jj Ijl ijlj jc Uf.j I ^ULukll jAj 

A 4a 4A*A ,j£lL tjlSU. gitUll ClItJA^ ft jA J-'-V . 4jI J “A. 1 jkJ <il J , JallA. « 

• <i jja yi (£<HI JjjJI Ajil jLiij jil . I(j mi jA jlu^U <LaAalj <L)L J&p Hi 

A^lail jAt ^LuiliVI oiili i£-uljjall <Lu)Hill jlli.1 jii A LajaCj 

• i5^“ (*.“' ■ > (S I A*?-J 


ultimate ^Jla_» |>» ah ■•J minority notion <_>JSVl ill ii^ju 

j_a^i Jlj yJt j£l j-S_i . Leucippus ^ i i<. Aj...I>ail particle 

the rule of causality "<jn.. l ll i.u*’ jSj j* ubi jj* LAil L l»h £ o • <1aaj 
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4jI J>»j jt » n I 1 1 1 I jjh jjXJjJa i_j i < 11 J£l Jjl j^ill 

. A_5^\5 jl <.» 1 lUII iijU. 

6jLLuj1 3 * S_^ 4 ui _>j^1 ( ^..3 TA. - £V* ) Democritus ,jl£j 

SjLU LflJCo jJ-iJ jAj^all 4jJbllLa olnjjii-v ^ya ^j£ul SjlLI (ji ^ic. j£l jJLa . 

V i*ij *\ 1 j -»*^i lI ^j-a CjI nj 1 n-vll AJUb ,2 jI j* ijb Jjfij d l.^~» I J*«< 

oljj I()jlr 3^ a ^ <^LtiiSj}U <JjIS jjc. oLa-wi.ii-aJI 6 SA j>i»j Cij|£ ULj . Ifl «« j« ■ -~| 
atom ci-w <. i<tlj < ^.1 111 JjLill j j_c, ^< «K ^jhj < atoms 

, 4j^jlajyLi 

<LL2 J J . f j J. l t. jj Vj <j-lj| L$_j| tjnlnjj fl njJ jjjJI CjljjJI liltjj 

c I j i~iVl t 'i J «< Ll*i \ n j^Jbj . p^-cju >xaj LL LhVjJj t 

utjmlli t I A 1*1 ^ ft 4il^JU ^jJI p^juuII Ij^J » i»jj CiLc^u^a |^a dJjajil 

. a Oljj ‘UjA'Vrt ^j| j,A illlj 

<ajl jki 4 j£] duX^ll jSaII I a ^ A ^ittaj^LuJ jl£ < IjJh 

. 6 j&d| CiiABj iAfl IjJj < 6 jUjcl jii.iiftil ^luujll 

j*J djllll (jl jjc. < ljU_4 (jUUuij yUjI Litl i±& jilLjjIaiJ jjjSa ^jl ^aj 

Uj . 6 JbAXr CiIja i,i*iSII dJ-A £CjuuJ ^ic. ^ rk-« t/i ^Illl 4 m.t.tl L^J JjSu 

^uiLmVl LJiduJI ji Ijjb LaJ^d t lift 11 ^duiJI ^ JJj JJ£ ^jujj V 

jLil ,jl Vjl Jjlj I i/ill Lflajii IIII t j&Al Ca^Uj . LIU. l^Lo ^ujj ^UaI 

. ^JUd Ci i »lf 4iui^li I 4 J] 

dAA i^uk jJLuJj ^jill u AjU IJjI *..t t I jjh jjjb ^CjII ^kj 

.<J5Vl S^L <Ajjj^IaII jAl i UjIj JliA jjl£ 


( j ^-3 XV * - T t \ ) Epicurus, 


^jll t_flj ULLill j—Aj Aj— £ A» lj L— #J clij J-JU Ijb I 3a j — ijll jLJiljj-jll 

# ^ # # 

kJjAl ^UiZlf ££fclll 4 * . -1*11 ^ | * A ^UjJ ilj . I L._w».p L, iLull I * * J * |JU-I nj 
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*■*_. W. j - ~ .Jj , ^jjll la-ill Epicureanism ' l lt S nVl '_j 

c^L^I jj .A 11 1 u (Jjb J ■% lj u I ~i ^ lj—A li-ojJ (J^LI jvlj . 1,1 jj I la-fl 

. v t£ SLkiill 

— )Titus Lucretius Cams o u >^P uilHI 

De Nature Re- uli£ j ■•■■ j o*\ 4lw jLail j« (^-(3 00 

<iu j f A jij . LtLu <L»_)j * ■ * I *«i ,-,411 Lit lIwaj | p 1 1 itiV I Ouik J rum 
(j<• (jjSlj <-ij ■ .1 i <^JI 4jI clll* CuLi jlj I CiIjjll (j-a jjLySjj JjL*JI ^Lsh. 

> LbAil oljj 

^uj <j| 4xa iJjju <j5£j ^1 JiVI jkj <1 iAjI Xiajll (joL^jl t_iLl£ jvlj 

• jjl irtu u& Cil^Lui| |ji i^lTCIL 4ijxlI Op U,j i^Luijll jj pI jjI 

OlAjJLo _^j_C. a.Li.-i.j <Jajln-> n ^ f. ^ V < im ^ t Sitil^l ££j_a.| <Lg—a. <G^J 

p p 

, Ijjj^ laljj OtVj I j A. ■ ..*i jjj , LoLaj 

Johann Gutenberg jUja ^UVl _>£ljl < \tnt *\ ... 

^ui ^LliJ jjiiijtl (j* jualj p 4g_l »LH ^ ^ 1*\A — ^Y^A j 

uli£ £gl j j'rt n <j5£j <x. lit-i M j t~ i jiij itj ii*C jl.lc.Li gl ji JxaVl jJa 

. 4li&Al Oil^ Ll ^LuaJI 

jt jjlij-ill jKtl Culj Ijlj ijiUJjSjl i_jLi^ I j 1 1 U ^jll 4 -»!i at! . iXtf 

• Ij^II 

Greek at- tgjjll IjjII jl£il t_iLj£i U glj (jjjJI i>ujaU calj 

— N o^Y) Pierve Gassendi jm ^jli^_ill ■ 4j...l*atl < ^jLi^ill omism 

(£jil jjVI J^ic Lftj L jJj ^j'lnila. oIjIjS ojl «illj JJLj . 

^ jll j* ijLflJI (ji Jjjj ,jLi jii . ( - ^YV ) Robert Boyle Jjjj o jjjj 

fjUAJ&jj] JjLiSjj Li>5 e)J- > J “ r J L^l J*4 ) P-Uj 'a -ill PJ-pi (_£jj]l Ij-ill (J»«jJ 

. (Vjl P S^ill 
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J-alj?" Jj!>“ (j-° J5l jjiaj <=b^Jlj ‘ p Ij^JI (^Jc- VJ^ ^L^ii 

£ / 

4-K jj-o N/NVo - Lijij JjLoj 4-K <1 pIj^^JI jj-o tiiflja I 4 jl ^1 . jl 

. .^11 Jj-o ^ H ^jAxiLi N/X * * • (J3|j * HI J)-o ^ 11 ^jjuAj 

j^. 1 <il3£ll t—i^Ll^VI Ijjb i «Vtn jjLi < <bjjll jlajJI LLflj3 

oljj jl jl i j^u^ll 4 aIj^ j| pLLI a 4aIj^ Jil p IoljJ jl Lol < £jfclLaa^l 

jl ^ jpJull I *J%% \ (jt A J-C.I il a lfi<| j'^■4/^11 ^1 pill ^jjuAj Lfl plj^JI 

. (UjtfZ La da* Ji t £ikfl* 


*11 Ifl * * ** <JLuaLa d-ol^jaJ|j JjI^jjuII olji lj-»i 05 ^ (J^ll <!LaJI 

Jj-Tkj La Ijjhj < plj-i. Lj L/i ttjj <j^k*_JI L^ iAji 1 (jc. S.JX.leLa pl^jJI oljj (jl (2/^. (ji 

^^lljUUIoijjcUl^ U« <1UII dll J>j .tf^Vl jljJU ,> iilifl Jihlj+ll 

0 * 
t p Ij^tlj . J2| I " Lfia^.j Lea I j La . X . «*.>hH *51 . v." * 4jjlZi j| 4jLala 


<LaiHI CiljjJI ^ineoj tin*a. i<1^juu IIn a tnin (jji£j (jl uaj (£j^l 4jali (j-e 
(jpUL-JI 4 I A a 1 £-0 p Ij-jJI In.a pp-» »1 (jl (jSajJ . i_ij-Sl 6 ;m aj I Jin»i £-a ^.l n i A~iVI 
. ■ .ti..11 (j- a *lj i I j m A* > ^a ^*‘ a... I 4 a Infl l^j ki tAai 4iLi >lal I (^uAju 

(ylljA Hero ^ fju j >j 11 <jj <*Kp 5 i ^311 p ^ » t ill jji I j-Aj j 


^Jcr 4 -tj-ui jkj-^ILuil dLfl . JLou&VI IdJb jil^l «mx <jdu 

tr* ( r^ a J ji (J) J^» 

p 

Ja^l (> Ijbj-a ■ ■^■" I » • j »■<*> >H <—S_^all ^ plj^JI j<u&j < (J) -II jic 

dllj (3tl ^*u ■J4*P»SII £ljjll u* plj+II (^Jt <j^ 

• (^Jfc Sjij jSjj Ijubj t JjI^uJI (jJc. 

■ _^l)l ^ic <IVj a Jlax-aVI Iji (jU (jLaJI 4 a j i Ini <pjll JjLau iij 

< (lUj ^-aj .SjaIuu J-alj^J(j JjI_jpjuII Jljj V Lajjj . (£ja»,Vl oljliilj pljfU (^jjll 

< <Lell£. Sjljaa CtLa^jJ Jjc j'Vili 4la % j! < 4ji^mj jjc. <lj^_uu pill JjLa. (jSLaJ 

i( . <lj j i in 4lrii i n jjia jj IjLc- Jj 1 a J (£<ill « pLo jlij ^i.ni QyJlaJf 1 a K ^Ij 
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Ijlj < jl ■ jjJI 31*1 ... 4 11 <<•> cJLSl cIj-jjj jjill jljll J-a Jj -* • » 1 Jl 

i*i<i ‘Cii jlj_LI JS Jl 4 ijfl-fc jj O- 0 o^ *-* >=*ljLiJI Jl 4 -LlSa Jj ).» «« 

• Ciljj J-° 


OJa£ J<l da * a.i .**.1 a n.i ^ I * 1"^ *» jljtl ^1 <JLaJI ^ t I t i n i j i LoJjJ 

. < .«» ] I JI ,* t Vj - <jLi .-.I »t...^,tl Iirt~i <ji i-fc i <-uljitir 4_l I nf. jJ-irw~tlI 

j> lU-fcJ jjJI J J JI 1 nft-a <6^ 1 - flJ I '>JU~ »-l jLji£j V LaJj jLJillj J •% i lLfl 

. «^Lfl ^Jj Lajlj ol AUu-fc!! h IiVTi LoJjJ i i^ll l 

■ -4 ^ujjJ . QjJj -*• ^ 1 "\j * I1 ^jjl i n « 1 3ildi SjSill 6>li OpL^ JJj 

jt jtj-ijl «<JLui ^» a . ( NAY*\ - W£o ) Joseph Louis Proust 

LojIj (jj^Ti l$j|j Jl~fc I ..<VIJ ,'|» J ^1I < ^yul -fc t il J-o (jj ^Ti (_>uI -fc * ») I CiLjjjj^ Jaa ajLa 

, j^ai j^uI I Oj * «» jt f j** 4 I j ** J^J jIjjVI ' «■“* 

^1 f Lulj {gj* *kJ jjAilaJI ^j-o oL«lj^. N • Jl jli < j -% ut il Ja L^ijt jl 

• JjJjS ^L>?j tj'y 1 ‘‘^1 oLol_>a>. £j(julaj CjLaI_J=>. 0 

fi 0 f 

£Ll- 9J < ^£j-a*Vl jljil 4>o JJX. ^-A a <JllA Jjl A - nj 

*% i | oljjll J)-o 4 flJ*i A-o ^IjjI ^-o ^Illl jl^JLl j pi—I JjIj 6 J-C.Lfl 

* \ \ * UJ <i*i \ | Jj-o J. ^1j ^ ^y iuj ^Hil jl^ll j j irtljfc I—alii J 

law of definite pro- " tuQll ..u.rJI -t k-S^a-> La IJUbj . cLluiI Vj <1ula 

. portions 


I ,jl CAaJJ 6j_ 


^ qji i iii 


-J- u" V 


aj 3jU *1 ih "fc a J ■ 4~l"■'■ ,1^ >1 Jjl LaLu J« ~ 4^. 11 j 1 «« il ii 

V-““ “*-jLSIill jj - > J ■» A J jS-JI Jj. -fc . AM A 

JS f*l ^ I | Jl I -■- 14.11 '*11*' I Jt II t 4_ajLJI u mill 

JiVj . 4 \ Hi 4. mm jlifiU V| JJajj V j^JIj t ^ula Cj I j <iuu 4 11 iiLml 

j" » * ‘I I J~* r Aj svl ^pll Ciljill Li nil ijuVl ■•*.! « ■ ... ^.11 6j-A Jl 


■ a» 
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0.l£l yjtl CuLjuSII jLuijVIj Cwij^i £jU*jI galjj [JS «“ ...I «j 

( \Ai l — WW j John Dalton ^jLu^II Ijj < IjaLI 

jLil jSj atomic theory of matter.’ SjIII ^c. 4jjj <c.Uuo < XA.Y <lu> 

■ <csiIoJU ciLuuall Sjj j)IJLL f-La^all (jtjjljjkill <ku^LiII J^ai ^Jl 

i^l CjIjJ uLtuaj <£t a j a ^JJLa ^iAtr CiljJ jl jl J^U^j 

J-OJ . £-0 jjijl jii J-=JI tiiij . ^J^VI ^i^LaII ^ \ AA oljj (jt 

<j|j i <t&]| ^ flh "h n Cjljill jl jnf I JULfl \ lillj jx JJLjI LL jjjallj uAJ JULfl t tlllj 
u*u"u i ■ ij|^ \ jlam oL^lj-kil «U jl^ Uijj * Cu^uulI I j 1**^ ^ul_i^ j^*« 

. <ijj ^aajII I^j A* i 4ut4> CiljJ 

4j t i«i*tll J. *iSll 6 J-A jj oml ^Jc ^tlkull La& jjJ-JU jljjVl ^Lfljl CiiK 
. LLu 4 AaAJ jjit Lolijl | Ljjll Jj^JI liftin*i J.iAflVI jV * <illj 

jx i mJj. ftx a ojj jl jj SiU ^Lijl Jjl Jal, iii iill t NAXA 4 tm j^ Ipjjj 

JOflS ^ujjLj^j i_jjSU. jjJA ^jjl ui^II l^i 6iJtl 4LflJ c^ik". 

. (NA1A - WV*V) Jakob Berzelius 
6 ha • '** (sj^ * <J ^uLujl£ tu^Vl 6^J f 

cu^jSII 6jj jj l »i ijii • TX cti^AII j j j + 11 jtijkol i u<iLuji£ * »>»ii 

. Qfi, % i .,<¥ I 6jj 

jj^Vl <t£ll olj oljjll u~h ^»ul i i»-»ll ijiU .jjSil L^J c>l^j JtUj 

Sjj d\ ( 5 1 « YYA jA (Sjjll IfjjLlJ < oLuSj 4jluUI Oa^jj J^jjl 
^ JaJlII j^l Jj£ olj Ciljj ^jiioX Jlj .jlaju^l Sjj \ 0 <li£ lljjij « l ■ -* 

. Y"\* jj jj$I yjjll <L)j JjS Lfl oljj (SjijkVl ^ ji* ll 

pjjl lli J CjJa-uiSlI (Jjill jjjll (j« (J^l <jljjl lillii «j-i.VI tLxiVI (jhi 

d*- oljjll jsi „>* cg-^ju -^ $H j . NX ja \£ ja csjjll 

. N t^jall <iju jjV J^UoVI 
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JUiSJI (ja <Jjl »ll iljl J >3!! (_>ul ml fjlc. CjljjJI A n l •L nn (_£j—p La j ^l j 

*= jl 

4 jj . a* ,-,^ j i*C f I £j j Loj ji it»» Ji ij V 4 _iji nil I <L£J I ifi^a-o 

Jjjb ^Li jl.»t AJj-a^jJU 4 -Lj^ 1 I _) J-i ^Jc illljA 1 ft . l *\ j ifl a L I 6 JUh <£Aa-*A*-SVl 
• jIloVL (jUjjll Jjjb jLujI ^^4 La jl iiliLal^aJL 4jLuLLa (2/JjjII 


^jlLk-iVI ( jjLj 1 flll jajj) I g.liC. t \h\ 0 <lui J ~k I I ( Jo ~1 U 
4 ~ . r. ^Ij ojI £a-aI ji ( NAo“\ - WVA ) Amadeo Avogadro j^jUaj-il jjiLal 
l*~* Sjlj^JI lokj^j UiiAll fjuii i-u.-wi Ciljlall ja <^jLia»jlLI ^ja>Atl ^jl L/uLL 
CjljliJI i&l JjLS lj| <j| ^‘nj fjuhj • Ci 1 jiV> 1 I | islajHiall ) ja ^jf l<i<! « jljfii ^Jc 

4 iJ^ill OI n 1 111 "klI ^jl tiOj i-.i 1 mil jU (jaI jt£ ^ CjIjj t^ijLi 4 -fll .1^ J n< l 

jliil (J^ifn jjUll CiLoluiaII |ja CjIj-o jj£| Ij JjVl jL-ill yjll 

Avogadro's hypothesis "jjjla^il 4 j_»^_> i" ^l,i ...I jiaj Jlj LF ^j • ^LiJI 

. A 1 li 11 ill ClUG^II jjjjJI ^UT i. 1 


-| *■ - I* . 1 A n nil ill a j j Lj_iV < <lljo-ll t j> < J ■ . Aj at I ( ij f /1 ft I Jtj 

OIjJ & _ig i .^tli .-i ...if oljLtJI I Ig /*i tS * _u ^Jl r*^ * 4 IJ * Ijl ^iM jl 1 4 l^H 

Ul d) l_) jj I (JA ji£\ jl |jl-jjl (j-« «*J --«.■» lujjj Lajj-S . 6 


■ lillj ^Jcj molecules . ciLlj^a. ciLcj-loJII «jt ^ « iul j <l _4 ojIj 
i ji i CiljjJI u - £Aa><*» (j - I |‘i < » JS ^'i i^j > < » ^ 1 oLaa^-s. tjja ~y im ^V I 

:oljj <££La (jjA I. j i a ,‘i t ^ A ' pl_a ol—AAj—a. < jja pl_U jl—u ~J 

1 £ £•> m »^ I *jjj cA^-jjJa-* 


Cfi— •> ■“ *^ l u—» *Ljl—utlil f>J — > ■■ *^ 1 ul 6—* f— 4 —* I ( 3* « - J I j—*J 

jli < ( ! Clljjja. ) ClluuL&ll jA 4 ajI A mIai jlj—C.I ^1 f pi_LI jl-AJ jAJ 

^ ^ Ciljjit JJJtil LIE Ing 8 j _4 | 2 A-auuA^Vl ,jj CiljiU (jJSJI JJ«JI 

. pUI jLLa 
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Cull lilt fjH . LoLaj <aualj <!LuJLI 0^1 Irtl < NA*\. ^1* ^ 

jit uiill-iu ^lluVI jjLju^II |j i *j Jjl j ^ jM»«j^H jljj 

jA^c ^ ** **■ -^lj *jf -uu • — \A\'\ j Stanislao Cannizzaro. < ilyuLS 
Avogadro's hypothe- a ijLa.»Al Ci^ji 4tni^j ^llij^llj oljilI Jjill 

6 Hirti sis 

ijjjll jt i'ii JiKii (^u lui^l l |jj i ^)j .a i.I ^ >U tSjjll (jjjll (jl julwl jlcj 
(>. jl-^-u.^Vl (>. jjjSlj liij.-fc < TX 4aI ^^Ic. gLauu^lU 

s^i lj-° pill (ju JS Cx&i <Sj^=p * X A ploll ijjjllj . CA : ?-‘-‘ J ^l yJjj 

. X l+Lo JS a ££ajjUA t^jAj (5> ^l 4^03 ) C^a-^1 

Ijjc J)1 iJjJU I n<a < <JKJI jliLa »jll Li)«J V luj 

jj» J J.H .II julj (jlj c L*lTY (jjj i^V 'V ia ^V l CjLiy-a. Jj-o ^ ,j jilj j l. ~ij . « .. ft 
«^aj CuulL pill p^al 4 j i upilI 4tSll jV Lol^a. Y A £jja L A3 J>U ^lll C» l u ya 
4l (jj ffvj < ■■ (si u* 4_uiii jj-all £-SlyII jjij ■ Y'X Y^ £/-a—u»£Vl 

• (u“) <jui p tS>?^^ Ij$l (jl >—*jlou»j Ijl i CiLalj^ (<_>«*) 4JoS 

JJ^c." ^ .n m l (o) ol—* JJ J '—?"J—4__J— iJij—i 4 -■ » . J . ~t a Jlj J,1 Lay 

. Avogadro's number yjjLaylil 

i_sjaj kiyoi < I jjb JJvu (j\ Jjaoil JJC 4oo2 La*.jJk Jljulli jVlj 

. P(_£^aJI Ifjja jjall Cjljjll 4-tiS>j P(£jaJI 41 jS 

^iln-Ti 1 at La (_J-S> . jl J.um Ijal JI^juJI l>ljh jt <jLaVI ^aajj )Lj < illlj 

. Ija. Ijii^ jllS jjjLjil JJc <j| jJk 1 4aljall ( ji 4la IjjSLu (jl QjilLuSII 


Robert <jjl ^ tS^J ^ *-'*•■ * Y AXV ^Le. 4 jL^.VI ^Jl JojUI jeUil J-ij 

ja I iLt> laya u^i'il^ll itiai ( 4_il>ll 6Ijj a i litn^ l (£ jll j Brown 
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-c \u ■ ''l lilliAj ll* »ilj -> Ti v_jj \ -ill jl Jsa.Vj . clil jji £ Lilli v_j 
jujj LpJjjlA «dlj ^OJ .Q till I i_jjirpl JaLuj Jjaj < i (jji jS Ijjb jl .Afljtjj 

julj <J ^|Lu p ULI 1 i Ail 4 flip n ^aJI {_jn i'li tt j J m o Cil n j i n ^ 

. <J& jSj CiIuuaII jl ^C.j jib <jL>yJI 

oik jij < Brownian motion * 4 S^aJI ' _j S^aUkll *1* _>_> .tl jij 

. ^flc ^lc LApl£ I^jji S^JfllieJI A.\ A 


James Clerk J^j ■ ■■^1 «cJj^IS ^, \ i IVs mV I ^uaLjll ^Ia < N A*\ * 4lui 

L+il jajJ < c>IjI—ill jaiLuaJj J^l—ui Jik ~i11 \AV^ — ^AT\ J Maxwell 
. oUUjVI ^ yA f 5 ifl-upLip <jc.jauj d>a^u CiLIpjai jl ciljj j- jj^u 
ti^jall 4 j Jaill ‘"‘I** Lo jLjjpj 4i iAlj 6 i h pxj Ciljlill jaiLaAi ^juiAj 

. «oa Kinetic theory of gases "oljLill 


jl PI V J a I^ ^ flj iJ-iI^p h ^ CiLuj— ap jl Cil^jill jl £Ldi^f^fl jp Cl Li J-flj 

(jck JU dlllA jl J^jll jp Cj Lj 4jSI < oljLill (£jl SJjajII 4 j «I trill <i^aJI L|l jj£ 
uulitl ,Jj_p ^iVl j *fc‘i Lalj^.1 oUjUl jl oljjll j" j~ < JpIjjjJI . *LSjpaJI 

j_j-fl jji-lill J^iaJLS I f t IA j-a yi ujjjjJu «J_al^aJI Jjij ' ^Lajll Jnmj jjJj_=kjl.l 

• t£j^p-ut jlJpUo 

^ i pa (jli . I »A i| i-ujlj-iil <SJ—ajl jS—ol 1 1 j a Utjwnl jl Jja-uj 

, JiLutl <Sj 1 it I oLu )-aJL uplj_aJI ^1 jp ^jJupllui JjLu jLu 

4 nl j ill 4 t>iVi1Ij 4 iS ft 11 CiLtLajVI JS jp 4pjl m‘n jl J-C.I jJJaiLp i JLuVI 
(jjjlj—A j-a — lAj 1 4— fl j fl -i ll . j Itl I » ■■■ ^11 i*lj -v ~■ V '*•■» jljjl iti^J & 

tLul jp jj£i oLftLskiVI j^l jp ^Iti jj Jpii jjt LojIj JLu j^ • • •■ 4 JI JLpo^VI 

lii yA jjij jl j l fl Ijj-C. jLi Cilpt . i l i yl tjx jp 4il I i» <4 *11 « .p 4l^'vl 4_lI yA 

. jl Jlj jl tUiV| 

u^i Al i n jjjll JpLuJI oLuj&i jjc jLS < ji irtl jMI ^ ■■■"■!I jll US 
j ^ jm till j jl tlaiVI I JJk yA Jxll JJt ijLj jl t Ji| | ^jLuiipui ) ^jaApII 
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< £ Lilli i_jj t . -k j»— ji m jxl-m ■%! —a. ^j—aj ■ <—u-uliilL ji <VI p^_aJI 
^1—aJII i —ij i 'i CiULaI JL^I jj-n (J—il—u«JI Cil a — ,j iip-v I^jja —Lfl JJXi ^ fl i > 
aULl^JSl^ull C» l jj-o J —jls JJC. £—fij-i dJj J , 1 i ! <-loj -k L Sjj—L dJ 

Llj i tu ll *(->. V tjll ^ j Ti 1 II J" Lilli UJ JV (jI 4_La Jj V La_oj . * l~* 

^ fi 

oljjJI J a I a jic Sj_ai ^ic XAif I Lu^t L» li Ti La jij . SpJ 

ThGOdOr SVGdbGTQ ifl M l < _jA I 9 i ii gl ia X uJUs j-jIaI 

j i t u dllj Jju . N \ • Y 4 ii u ^1 4-i-jl q y-il I <LyaU j j i n fl *ill IjA ^ \ — \ AA1 j 

4j 1111*1 II <juaLil 4j f lea 'll I 1 ^ ifl luiLuil ^Ikl I <Li_ull juij ■ W 0 4iu ^ ^j i~ .*■*>« I 

JJc (jjun < t^^Vl iljlall ^ij .juLuiVl liA uJc 4ajjljjll <ijaJl LaLj ^LiLi 
>UX i.il.iii •% 4-a^ls—a <ljL*-LI W^VI j^jLaII J£ CuL^ IjJ . 

Jean Baptiste Perrin cua-uL ^La. ^.-pui^ill ^L^-i ill £ j_£ 

jjjUll ja JU111 LuJ JjiIaj (ja j^ali *~»l* e ljja.1 ( ji — \AV • j 

. Vij l <ljlxa 

I fill u& iiLm Ciajjlj iijl-a Ciliiiduia jj«l) QjJJ ^Lj i \LA 4iu ^ 

^ La Infl i, y i i n <r*l ii i*> aII CmI£ 1 Ja&A liijl all . Al ^ 4 * n. Vi |^11 ^jUJ *‘l ^ jl| 

cjLLLjI ^Jc i,>A m i i ciLuu^ll 4^^^1I ji j_u . 

. ^Ull dliaa 

CiLcI—tjl jic jjj. ^jll CiLa i-im ■aJI JJ-c. JjLi i ^*i iMill < 1 jLaJL llijl, 

(jl Cj—L>i Aaj} < * a ‘LSjjJoj lai-Aua J <_J —aa <jj_uVl ^Li jj_* 6J-_jl^j-a 

f.LS < OLIujLc J)La j-tj . U i unll—> L a-S jL^ Ini m (jj II JJ_a_ll 

. jjjLjJll .tJ ■ -ft 1.V -ft La i2/~> - liut <JjLa_a ^_i . ill ^ J -n a JaL u , J mL 

( j . Ij J Pemn Jj j... a ^Lij . tp Lul J.l f ul I » a j ^al tiLIj (ji a .-ajj 

. olujallj Ciljjll ^UaII ji-'JJv ll (jt itlji-aa ij . (jaiia J)j jl^j 
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< N • YYx*\,. YY LiU. jjjLkjdl llui Sjjpajll JaAiVl <Lu£]Ij 

* # 

JaJJtil ^11 ^ll-al i_S^-u<J . /ifjii >1 AjLouLlu jjfc ^LiiS Ajjj La jl 
<Jj$ liij fill Cii\i^a> (j-“ JjJallj ■ Ulja VY <J3k Luj) (jjSj a i m ^V I 

a 

u-° !+*• a5^« (^il) <12— c, *A!j-^- l>° jjj_»IIj ; I—#lj_a. N A 

ii ■> Jil (jLajjJa^J I Cpljj JuJdJIj . £g-eljja. ifc^ Luji (jjS-l ( (^L^j^XiJb 

. ilalj <t£ LfJ i'i^'k n itS oljjll 

jl r lj^ Y£-N.xN ,*W jl « jalj-a. YV-N • xN/“\, . YY *jj 

ol^j «iHi* t £ lUI Lj ) . jj jaJI ^jjb (j^joLpil <ja jj*’ ^Llli JjJj L» 

• ( UAjj 

p »■ % * & Jt 

6jl—LI (jl i—flJ_C l _yJ—a. JjjjJa O—Sj t_J—lial ill t jjj I U8fc -*Ii j-c.^ V L^oj 
Ja-Iaj (jS- nl 411 i_i a all Lu|) < 1 1 Its ,1 lA Cl jc lit-lblj oljj /i>. S u 

. \UlVI Ijjb 

v • • 


t ylc. t£J 1 ~>!ij I I nSn Ij ~ fi j 11 III AN jt T> -v L4J fill L«lj_a. N A (jl -*•■■ 

pL p^a ll vn u ^jll jpaal I jljla uL» a J^juJI p Lo p^a N * YYx*\, * YY 

j* lo^i Ciljj lit 1 tn ^Jl ^a_aJI jljLt Li <l.iA»l jljj ^4 JajJLj ialj 

, tJiJc ^ l^ll 


i j t ^ -S L<—ll LuA 


-ll l l p a j 1 . t l Ijl « J LH I Jj 1 -. 1 ii l jic. < jLajjJ. I, jJI oljjj 

(jfc ^Ljjs Jjjj La jl t Ijia • \— • NxoV, N jia _2 I ^.. -I JjU JS_P±JI 

t.iU-JS^o-SlUU^ij—sari clji-Jlj . ^1 <> _Li I 

ki jujj Vi Ja — 1 - => J 1—a I—a—iAll itp I A (ja CIjjJlII cJjlil j_1S| 


. 411 Xu < 


Ioa *N~» NxA 


olj i Lii S a jaajlll J».lj JJ Li a A'il ,jl jiaa Zjj i . 0 ^l^a. ,jl I JAj 
!>» * ja» J* J*JJU ^jll (jljiJLI 4ijjil (_)i>j-a 

. Sjj Vo, • • • 
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uUjju2u2y! 


Cil^j 4 i-Q -t.t -v~ (g±]l O-lJ-ll fj-t 4_i| < 4 ififtjll j i u Luj < dJj £-03 
IjjjLuj pLai al l ,jl < jJL^uoll Jil ^ -A-a. cH-lA \ j fl 1 1 

. JJt-i I O jjL-^ 

< ^1 pi ft i iii ■%!! jjLuof L^Lj Cjljjll Ix&ll 

<jl A5-^ ! u-®j ■ (j-fiM jjjjLiJI ^ jLujj 

L^l Ci«li <Uj.ilI 4jj]aiU ^jjallj j* M Jju jjjA Jl>k 4^jLaa-iS]I q! fl.itiV\l I J£ 

6 jl —LI % j X utl OJ-t j■*. JLrtl La^I i "i f.L J ^ 1 1 6 j<li . IjJb 

* 

. 6j£ah3 i 

jjl pi n Li [I t_5jx. ,4-u^Sai £--a ujLaj plj^j l JiA*^ ^JLAj <Lljj J-4^3 

60A (jl . <£ja1 Cj>Ll-q^o j J^Lk <lj a '«» .* JS-% 

c i ol^LuJIj . jj£- j-it ji&j jl j^flii | 6jA Q"fc“» j CjIjLuII 

. 4AAjij 6jljii 6u^jj *S IjjJI Jjt jiAl Jjl « JLiil J jt iM ^Jft 

■£lj« Jtf-L ja* jLu J*». c£*i Ijl L® j-* < (jj|« JtS-Hj 

Hoinrich^LujA jL^Li ^jltVl l^II < \Aoo 4Lu ^Li <4jjjl t^lLj 
.<iALj ouIjI j-a p l^il £_jjill StXiabj 6j*j^ <^la | N AV^ — \A\ £ J Geissler 

. pLIaII Lfj JaU 6^ia CiU (jit JajI <ij^lall 6i^4j 

Geissler tubes jLaia u^ajLII " J—*Jj —».L j.—<jj—all j>L£ 

4>a d*^ jl—u £_fij (jjaj ,jl£ till j - >» t < 4-tjlj—a- 6 _)Aj 1 a. J V _ » J J gUUtdji ( ^A 

ajiVl * i (g y aVI 4xLill ^1 jj* cathode jjj&II < I ni ^j^aJ 

. anode 

( \K\A — \A«\ ) Julius Plucker j£L <Jjja ^jULVl jLj^ill *l_)-a.J Jjfj 

t'.f J . A A. -a ^" ... t»la j^jtj JaaV < \ AoA <lui Ijjl ujLaj 

- N Ao • ) Eugen Goldstein cjitiJ>a. C^ajJ j-A ja.1 ^lil JL^j-a 
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^jic. jLlol <NAV”\ 4lui . JjjKII ,j-o £>»J g j » ‘" 'j i>° UJ^> <jl ( 

. cathode rays" ^ -LjjjKJI i^iVl" _> 6jjhLkll 


4 _i_i_ui ^L*_uil LjjjKII 4 -XjuVI lj| I—* ij> t 

(^jll ) £-uijl ‘ ^A^O <lu» . Ci l.nj'"-% H (j-o jljj tj-» 

Oj-^t ^ **' ^ <j| | CiLjjj ■% llj CjljjJI j* ^ j»J Q J J^l iWJ I AJ * 

Qjljjl <Lj1Lui <Luj^-^ 4ji^kiijVl 6J-A O* WA^jShl (<j|■ -■! <jJjjl^ll Ou^ujVl 

4 i'v i.. J « "w" I |j *il * i a j b* pj^-JL 4 j 11 j* 1I i-* I f 1 * Ij , jjj Ai 

. ■**! *«■ n 4 jJ^jI^II 4jLuiV I jjl Lo£ 11 IJ tll^ Jflfl 


p Li jfiil 4-LujLujVI Lfil 4-iJjjl^ll 4 jLuVI qI ^J| jh M 

- \AoY ) Hendrik Antoon Lorentz yZjjl o>^1 iiLjjla 

. electrons cjL^P^jII l^**ww<n ^\^YA 


Qlj% n jl « hu oLj^*^j IVI O-il^ LLj 

^Uajuuil . LAj| ."‘I j “ * ^ 1 ** 11 ^JouiIjjj <Luj | ^ 4 jj "ii i.g.a ^^1 CiLoJ-u&^i 

— \Aol ) Joseph John Thomson fjj m njJa ^jLy±itl 

CjLaIj-^jVI tilt Jj-o <t£ UMIM JjIj oLaI^>-^VI (jl ( • 

4 h ^ ^8 \, AW 4 jLjlI1 6j-uLl^ <t£ll 6ji jl juAjI . V^AN <lui ^4 

. LIja. YA—N *x^ , \ j| 6jJ 


lii ( W \ <lui ^ii . Jaii <Ijjj j ^11 CiIjLluII ^4 I^3bj4 jj 

( \MV- NA*\Y ) Philipp Lenard jjLi .1. tf t. <>t Jj i^UVI ^Ly^H 

J| LiMui^l 14j . pj-uJI 4 jlr lr\i < nj I jj % [ | ^Iulo 

^ Lf ^>-^j|j-fill jjVl J—*-aj . oLij^VI Jj—lna a ll cJjJ pj 

. cjLjj— l£[— j]| Ciljjtl (gj "i jl Ja 1 ^ 11 Jjl photoelectric effect 

jJ4 tCla-Ju oLjjSJj l| *J n*y itn n 6JUJL jjbu 0**1^ 11 ( tillj 4>» ji-SVlj 

yi tiljl i ii 1.1 j i«■>*!» tl i jJk Cil j< i jSJVI Jjl juAL |jj JliI iLjjli 6JiQ Vi jjiol L> 

. ciljjll ££ a y 
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PL A VI _)i-±pal oil£ oljjll jjl ( jjo ^CjJI ^Jc. <j| pLaiaJI ■ I JjVl ijxllj 
L»tj Ciljjll 6 JJb Cul£ JjLfl <jjLall OjLuj^II oVLaJI ( ji Ifl » a J*Loll ■*■■ ^III 
I a . Vi^i La J[jl oUy ^.t yi Cul^) .js-pal Ciljli^ ja pP*\~| » »« - Lai mntl tlllj jc 

. subatomic particles "Rjj.il I .-.I.....^11" ^ 


Ajjill Sljjll 


Radioac- iLiill. H a ^ . SAV\ <1*, , pLSVl d£ ^a 

Jjj# 4* » nil CiULlwVI 4 j| l.Lluji£I Lo jUjduij tfivity. 

pi A.j nl ^ic LoUa 4 _JLjlu|j Lui 4 jLui|j UJl OLjujLi CjLcAjLjUiVI bSh CUAXUJ 
^ pjuAll 4 j iiiii LoLx 4 ^j| Jij . Culijull d * t ^ iV 1 ^JjVl 5 j^Lj1I 

Jj j ii £ja Ixu <JUjj| jjSjjj .iiLiJI 6 j-j IQ'S Uajj JI^L| Cilj I j 

. <£.jLuiiii o Lj^ iiyi 

, * fi 

irt di jjp ^1 1 i4i CmI^ iUA < I ViW I n< n i"iiK Lai I 4 jupI ^|i Ju 

< uj i nl I illijlj < ^il^jll Y» • • jc Lu L|lt 'A| i CiLjpU^fl ^a 

OJJ <1 SJb J^a ^C.jJI &jj <-al a lA (JL!dal Oujl ^ Lai I iLualj^uJU 

jp c>L&jJa J)L& iLiill I i^ii *v <<pjLc jjc. ij^paj Lai I <LjupI 

• CiljjJI ^ajhinii V ^fjll ^.Vl lillj < ajULI 


c»l. a a j i 6jl L I (N^YV — \AV\)jj^ijjj cimijl ^ illn» >41 ^jLjjall > iiS 


ijl < Jl_HI Ji 1 till C. t (JLupI^I « 


U."\ 


o* 


IpAij 


1., a <pi ^_Lj oijll (ja 4—iggj ^ yj J^LL jL_ajll L|i^pi Lait d>l a i 

^ li» ^— (j biljjj ^ la t p^u l.| p Lol V jl La_£ 


Ijjk jil . RjLill t iwv. ii i J» illjj . UjLupj jt i-jj -an 

ajjk LaJl CiLpp u ». iij—Lj. oAj d»Iji ^ .i w jl cup J« ^ jl«_tLS /I p.<JI 

# p 

. Ujp'a Ciljjll 
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Sj^juai — UjLulo jC cijajj Lftll di 1 ftt i u *v jaAj OjI^ * ^yc 4i^l 

* juiiLida J^ilu UJi oLo—i-<-u-=k Ij-^i ^Jj-IaII jjjj * ^sljJI * 6«i& 

. <LkJfl jj Ljk 

jl Jl— A jJLfl . CiUo ah^lll 6Xft Aj j « « A j jc JjjJ JJJ (}lt| € N \ \ N <iJUi 

< Luj-Aj AjjJI <i_L£ J£ ^fLc. (£}~\ "WJ i I J-a. 6j \ X .ji S * A IjJ <j-a cl3^-^ Sjjll 

Z fj...» ^aLU’tl La]I q! ^* *•*~>j • I Ij-st Hii'ii 4*1^ in Sljill 

oLjjj *1 <:jiyL —III jiL. hfcVl pj ■ -^11 Cjj ft bjAjll <_JLi—A j J^l 3k jj i ll 

. Luj—fij I j j%h* ft Ajjll J)J» 4 i r^jLaJI ol—A till I J» itit At ^ i oljjll ^A 

fjja 4 ^1 A. ■ A Jg| j.t i,)u CiL i tIVI jV Ja^L J^juU ^>Lu < Iji L^LlAjj 

. lill 


aIjjII <j-o cjj-aILj Cjj-gj i,**!.,! nhi jJ 4A..1 i nil jr>*\ a t CjI a i i.uA j A <dllj £-oj 

JjLftlL LaIi Cil ajmi ^ Jill JJ fj . t> kJjjuii oljjll 4 Aij£M 

e e 

. L^It jjjjj I^jluIia Lljlu^l aI^IL 

^uajI * \ ^ \ £ 4lui 4 -jjj ^ ^ 4t->> «iu Sljill J ft *%*i I 

- 'AAV) Henry Moseley (Si-lLjJtfl ^L^-ill 

jij .<Lu_)|£JI 3 i~fc i n il jj jij l^j Ljj tljj <J . ih^. . j.Vif ,JS jl 0 

iiJLui 4 nil 4 *»J ~ ■* II oHjlh^JVI {if^oll J^lj 4_u4 ja_uJI J«l«~ 4ll^> 

■ Sfjill Jja. 


Lfjljj £jl». ff* A+ 4 'itfc it ol j Slji Lfl jA^jj^Vl Sjli ^^Jcj 

<ljl« m Sjj {y > ~v i . .<V I 6jj jli (Jljl 4^ \4l 11 ** JS cit\1 jjX1 I A 


4-iJc.Vl ji l j<) TS t i ll " WO AT+ 4 ~i -t I* ol j 5|_ji L|J ^,4-ul n -JI Sjjj . Ljjj 1 ^ 

* 

■ Lu^£ <tjLdi ^jailjjjll Sjj J*aj 4tli-%lH 

^Jjjll sl>lll (jl « NAM 4-1 jui 1 irtjl i'h ^jljl 


^jll ^J i ii^I I l«i_A i \ + 4 j^ijh l|lt J^i cLtiwftll (jo JdC jo 4j l 1 d . 0 |<ll 

ULj (jjjjL>oJI tf ie. 4i -k «>JI . proton"(jjJjjj" ola^/l <±^y> <la»ju> 6Ja.j <1 
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(£jluu < IX fl tillj JSjLiVI Ig-ftllAjj jjjLjjiliyi <j-> L% ^Mhll 

. <Jj£ 1^,9 t^g ^ , AY*\ 

(jjLj-ijJI g., t J m ~i S I i^VT <lui ^yfl. a . lit a oljftjft >1 ^lc Sljlll * ■»■* Vj 

(jL>i 1 At ju uy ^ NAiY - \A^ ) James Chadwick dL*>iLii jiuua. 

( uiLH^j 4 j-» N »AT A _j jjSj jl£j <j-“ J/> < A jloLu iLelAuA jj£| 

Vjl ft "in (jjill (]nJ ^JjuiaII I jjft jl£ >iu . (J^UaYI ^lc <ii^u J *■ ~- ■ V 4 j^1 

. neutron Y,«^ <ulc Jlklj .Ljj^S 

(jjSl; Ciljjll (j-o I . ft n JSj CiLijjjjjjj CiljjjjjJ o* *U_)j-ll Sljjll jjjSli 


J—ft oll^ft-all JXc. (jI j-^-C- Olji jji j -tll CuIj JJ-t <J jams. JS 

4-a>jJj i. ft l 1A a £jj ^il CjljjL>JJjjli jja l.atl.i-ll JXftJlj ■ * ftjftli <-3.jJ j j till 

CiUftjft »J <LuLu Lfi (2/ ^ i ii ^V I Ciljj J£i (lillj ^Jftj . jniiftll ja ^ jjJaj J <ftjjftla 

£f -3t-Ul^l J-Jijll jj* <£-ol .tVu-fc Jjjbj olltMft-u <jjLai LlAil I J «l*«'J . I 0 

. „<V I Ciljj (jA»« jl J .CiljjjjjjjJlj oUft jft ^ -ill ^yJSlI JJftJI N*\ -II Jlu . \*V— 

clfcj < ijiLu u^l ^ il-iAVL Sljjll oljjjjiipj • * «* jl j « iiu 

.' NA- c*~u£Vl’ j ■ NY- CJ^VI" ^ oljjll 

Ciljj JSj . N+ <Vl » & Jam LflV ‘ fCy l jJk (£jlll J« *«■» ! 

*iSj • N~CAa.j>U4JI f* Jljj * jAl ffjit Yj Jaii CxMSJi u- 4 ud^* (SJP M 

Ciljjll JtjSljill f» (juSI ,^1^. jl J^lj ojJJJfj LAjI (jCa-jjJLLfil Ciljjl ojSj 

■ Y-xjj^jjJjfll j t-xjj^jjJjfll 

otaintill £-o J«Lalll Jic ciLj »nail jAi 1'ililfti < |AalL jtVl jl«* * Lifticj 

J^lii J5| ^Jm-all jls[ LKj t 4 iaj» ijrtM Irti LfJ CiLuuall J^ft .4jjjll jjj 
<1 i'il iJftill u« «/>j iuaj 5 iiL^ <1 ,‘ift j SLjyia tjjaaJ tftkjll 4a>J Ok 

, SjniTia 4&J4J jjSu La 4 util <i| . I ill a Lua 
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«> olijjjjfillj olijjjL^jll <jl Jaa 

l jJk IjuLu jj£Vl ^jillj . IjJa \ • xY , 0 LyS Lt^li JS jlal ^Lj oluuia^j 

Jajtlj Jbjtl tr^ 6, is j'"' --* (jl C£-°i '-'if 3 ' (£jall o* ,>f£l (^| 

jajjiljjJI Slja ^jJk 4jJLuIa ZjJ^tXi 645^11 (£jall ja^lj ■ CjljjLpJfiilj CiLijjjyJI <j* 


Y • x\ ,00 LAjJoi Ja^j t Ujjjjji N l”\j ^cg>’* A> i#-*^ ‘ 

. Sja *\, Y _J ojjjyill (> Jf**j uf* 1 ^ ‘ U“ 

. I j* - ,'n^ Tt ^iJI SjjJI jJa# «> \/\ Sljalf jJstf J i<~>J i!jj <j| yij 

.6 l_$a ,'iJjjS ji < N • ^Ijaaa Lftjlo <U>a~a 6j£ Sjjll Oal£ jJj 


j-ySil < ^oY ilui lf ii . ji ^ nl l J-a. i»lfj j^llaa ^ UlAw^b UL>*JL>fM CT^J 
ju^yjl j,l (-N^Y^ ) Murray Geli-Mann <jLa - Jj_aa IS*jy 1*%^* 

. quarks ^ ^ oL^jIjSLII lg jlr jlLl M.janl ■«! ol «j ma S)(j jj jljj ^u ^iij^jllj 
ijj J5| La JjV i^aaJl AjjujJL jS| Jjij (jl ^2)lll Jja yaulft i Ijjfc ja _)II ^Icj 

• J** l£l ojSj i oUXJf^lj opj^ 1 

\ • \ Jirtl (j-*ll ,IVI (jli <<ij£ILi _^oV I jiali I a .Ur. <j| iu 

JSl jA t j-aVl gjlj « UXH^fiyij • J-i-aAjl JiV ^i^iS Vl JjaJI jA jjSkj <Loljja. 
I jjk Lib H I iti LjJ liltll 4‘iaia Jaajj ialadiA ol nti nail 

<V^i» jj ljJj I * j a ■% l^ 'i^ t « /ia w SUy I jjA Ji| <Ji£ ol j ol a j ma I I -a 

jL ao 4 li^ I ItiaA /'nj iTijWI ja J—SVl CilajuiaJI ajfii tdJj ja jjSVlj .<Uj^ 

. SjLa CiLuaua tjlt jm> 1 V I j|j < ^ j»--» <££ IfJ jjl *♦!■*« j| | 

^jjk j < phfltOnS oLjjjJll j ft irt <Jjl 5 Cilj oLaAu«all ja £ljj| tbila dllaJIJ 
^pll gravitons oLpailjaJlj ‘ L^a 4 tl« it I OlwVIj »^aAil a . ...I ...Vl ,-.r «■...^.tl 
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' « « ‘ a.t.T^I I j ~X1 j 4_ujl_aJI 0^1 f I til 4 i ml uij I Cil a » mrtll L^jI J 51 «j 

. neutrinos ol 

Luj£ uJLill ^JjJI j hi i ij.l iU La ^Icj 

. C> |_>jjjJJull I Jclilj • ■■ * 6jLL! ^a Cl LijlialjaJlj olijjjill Jciiu 

jj> 4 j -»■ jl »jj . Jj^LtaVI |jJc aj _i r CuL£ jJ 1 il^ 6 jLU ( j-a j , i* u 

fi 

LcujJ . (jbj^ai ^uuauJI |_JJ I n 1 /11 La IjjUj < LfK ^j nfl i*H J^Loh CiI^Iu^jJI 
tljilb jjilLu JSLuu jajUi/ti Ci J n 11 j-o olj^aLjj ti£ ja 

. «iU3 j* jj£| f .^li Vj Ij»« Jc.LaIj aSj 

(C<1 t«i..ajll >* < N «iu» ^ jJujjj-ijll Jj-»j (ji jSj j* JLslj 

3 .l.H i .ila^i ■ - I »...V ( \^oA - \\* • ) Wolfgang Pauli 
JS (^Jl < i_Jc.lillJ <uLL5 <J .“■■■■ >lj m~i-v i» <J ijmuI j <Jj£ <1 jiul p^-lSi iJLuii^V 

jSLi^aVl 4fl itiTsI 1 nVir <N^0*\ <Lui iiLujSI jxaG Jjjl lii 

. (-^\A ) Frederick Reines 
S i < *k ~i11 oLVjll ja ji N*\A • 3‘i < n cuj.il ^jll <_j jl •> »t l o ** < A j(j 

jV J j iulll (£jLuuj V <Ju£ Ciljjjjjjuj-il (jjSij (jl (jSLall (jja (jl jLajVlj 

<££ jij . ( . a.^.TC. jl j^ni LL 4 flJlill JjJ~fclI iic CullS jLuajVl 
• <j>*JL>^ (j-° ,*•♦,••♦ (jJlja. jl (jjyj£jyi <£»£ ja \/VN • * 

«lG£ 11 (jaJI j| J JiVl i ji jjujjjalJI jiiai t < 1 Ijjk jli lj|j 

jjjjLjlll jji (jjjLjlII j-o (jLjjill j-a <ul a «j m i jl f L>^ ^ jau Ju-au 

■ £>* 

s j ~ ^ * Luji (jl jl Jj A*i .jj^ll fjk U3&J! (JaKJI ^jll jVI (jjl (jl 133 E£*d 

jul <J£ .*1^ 11 (jJJ {jxutl LuuS ijaJLil (^11 ju^ull Lug >Uiis ^ u 
^ -I ■*■ -^W fj»l “ - --‘I^ -(j‘- USSJI i ti^j i (jl (jLml^l JU ^l l a *i <«(j i| ^a* i t l 

. VLuktl ijllua jl 
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^ *« • tjju Luaj ^Kui cJjJ ja ■ ^JLail ^jLi JLS ^jIjjj uijm I j : tjU xi j >«ij ^ \ ^ 

. \^AA 4uk jj^ll 

. 6jli jl^JI £jl° £y* Jj^ : ujj^ ju** (^) 

(}* ^ i> jil 1 ji * ^JD^WI ^LuaII <I^LuJI <JjlUJI <ojlaA 1I : <Li^j^(£ll ouiVl |TJ 

fojUjjj J . eLj-Lifl ^.rk i a .4j 4jajII CiIjj-iVI ^IJuaV i JLjiSll £JjiuII qpj| JjjL£ 

. WWUJm- UjjK! 

jjJjill <5LL J£jj Ifjij t Sjjll JJA ijjjji-ll L^aS Jjiaj ijAlia : ^J^uaj^ll j5Vl 

ciU* 1 f I * <jLLI ^jjL uia ^jjJaJLJ <l£j-=JI cid* j^Sii < ju^-lilVI ^il 

* *j£j J^UJI ^^*11 . Sj.ilI I 

oIaiam -^ 4^uif tiu £A oLp (JjaJu jjl olj>ill JOAJ 3jn->l -y : ^cIajJuVI ialujll (oj 

< AjSkJ JjLu p -" * ■* , olijjji jl •*• ♦ 

<la^u (j* J *41 ^ 4 V>%i * ? »j .CilijjjLfll »Lj 4jaI jjj^a (jl ^jJLSj < ^^IjJLfll ^ * “• y ■ (*Vj 

■ *j£j ■ Cilijlj!£ll (JA Ljlaj CiLjjjlfll JA JJC. pljj l I 
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jgj iu *JI J . t rf u i H 
JajL*aJf$ iiLlSJI 


L>^j. <uii Ujlji* ol 5 ^* ^ liLiaii < mass <t£JI JjLullI jk 
^ ^ N.I j -wj t f d lT<H jljXft — I | . X m t d 1^11 i*l i.iLu ^„V,J jA 1 I11 l u 

1+1 d*. ■« .. *_i< Jg tjlt ii(j < iiljSlI l|jlf jiL ^jaAJI iiaj <1 j£j * ^juu 


■ t “~ * t J i/ii jc jlllj <LuJt Ojj't-kl < ^ Hall I J^ulu |U I Hilitj 

Jk pill < il*Ki killj jJcj JaIj A —tl£ pLII j« i_j— a£ll jl oj'iixll £jJ&i 

. r^u, /f^\ 

pLLI <ili^ jajj Lll&j i LpIpj tiuL jjc. <mj JI oLuLill oll£ < **~-H 

Ijj^) . T^jlu / ^l^-a. • , WWW 6jlj^aJI L« . -Xtl dj ...I . p \_J |k y lo *a-t i 

jjV <*L>il (jjSkJ V jl^i jjJ-a. < ^jUL IjjJLd jjin J^-I^ll jc JLlidll j^ill 

tjljaJI Ini iAll jjiijJ 1 J»i~i Liul pLLI iilj^ j*«~j . uljiiia ^1U <l»lj 

• T^jlu pill <i|j£ juu < Limi <liil> iajib <j£Jj 

jkljn^lj^ll 4ji |i.lnUMj (£jll < (jjlll ^fl^lll ^Uaill Li)La. <j J^Mtll ^Uaillj 

, ^Ij^, N , • ♦ ♦ tgjLkjij f l>ajL£ILi fjal Lt£j .j ~i jklj^JI £y» Voj >»llj 

■ji«iVnn N , • • ifjluu jll (j 
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Ijl-fl * j ift ntm \ » * * * » * • * jl < \ • *x \ * *x \ * • 4 _ja£1I jjII 

\ »■***•• • OJl 0*1 J -i «x^lj J-A pill J " a jVm i <jjj 

^jLuU i ^1^^ \ • |ul^a jJLa J^lj j p HI (j-* ‘ ta ^ A j " * 

• ' - • • • 

Jjt u icUl j0^Ti IhUcj .T^/ *\ , • • • pill iiitj^i c dlj ^Jej 

iili^ jJUJj .<Lttu£II (Jiij < ^LJja •> ^ic. <Jj^il ^jjjuij t^ucjl ciV■i < v»ti'i ( jl 

• V/ f** " V 

dlj^jpUl <il^j>j5i l+al$£cJ£ 111 *111 J>i <A-JI f L-^VI jiLi 
pill 1 Lujii (Jjlj-uJI J£ jV iijlc. j4£ <1U. 6JAj < pill jJau g£ll jlki 

■ .Uiijj lijjc jljji 

£ I jjVl .*_»■* 4.11 Vl pLII jpJqj-u liM jUsj <—flq yjl— a 6jLa JLlij 

* pill (jp VpIa 4a(j£ jJ^kl l^ilj Jfti |^J0 ^Jlj c^.tLpp jl^a Jj-a ul ■ H*aVl Jj-a dal"!^. I I 

jjSl I JjLudJ Lu^li 6jaj 4Ljlu I f int i £-a ucti^ll uiLifli < dlj 

, « CuK jl 1 An 


uLl_iVl 6jJtj JjlIIL Sji. I^o > Si JVI ^‘ij ^~« u-ua]I ^ljj| jau 

^‘■^■~ t_il_uLa.Vl £jj—it j»_Lu Jjj . 4_1a <jH£ Xul jl pLLI <ill£ (J-*-* y* 

up _■“ ^lj . pLII < il ^LjjI £)Ij j^JI > i i o*i jp c> Li I_L^Jj LLjlu 

Jo > -, .„_., ,.. .^.,4 jj ^ -, _»l Balsa 1^1 _Jl 

<_lili^ j._I—pjj « Ij _fti i^...Si< uil_ll ( cilj—jUallj uilj UVI m ^—i 

■ V^ U> 


■iljii 6J^) < pill ji ulll 4iV pill jtkui J)i jilu (.I-CM-JI (jl JliLi ‘ Ljpftj 

Ji jj till I'lt ^i uuilll ja iLiu I ptc - ^ jl ji <ijiill *lj'i«i ^Ulj . 4ii/>ji*u 


Ij^Jj pill <-*LxS Ji] i_uti ill (jlijiLl . pill J>ft ftacuftJI (jnii J)-* <-ili-S 

. pill gcJLui jj* J‘I*J uil ..II 
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jayu i_m i ill I li^lj i pill jj» <ilt£ jjSl < i Ip fJ I ^Lu&Vl ha 

CiULaS jj^a—pall ^jja <LollaJLI ^1jjSllj . JLall J j 1 1 n jj a « <*» llj .e HI 

(_>AjVl *j ■*« I (["t" ^'ij^jll aJ-iJali > j a in II 4-ta. Jjall I <ill£ll «<Lfl.lla. « 

. pULI iilSSS^. V.AjI Y^/^Y.A.. 

L+sUVt ~i ml L$J 6J.C.L11I 6jjkj . pLII jja jiil ^.Lc. j>jLallj 

<i|j^ <1 c ( jjjLall jp <jllS JiVl jilil ) Jill I Jn ■ ii ^Jc. < ^alaill jJ4 _ ai 

. p HI ■ 0 *-»*■ jji j..,j|S»| j»" « » u» , mil ■*!! < Ij ■ In j 8 Yjk/ £ Yo 

1 ajifc Lujjjj JLpuj p Ul £-0 I .A.I Jx-lali <1^1 pll I jpJqj-u jiki j| 4‘i^n I fl J 

. ( “Uua ( _ > ua^l2j 

H i/» all ^ VJ i fl.ti TCi <L1 ij£1I j-lc. (£j-a.VI j} jLall ^ .III jj| j_u 

Cil lr»l-»ll ^jja Ji.l all ^11 4flLuaVL j jjLu ^ » ^Jjui ^ A.iaVl l flj* i . 4-uJalI 

. ^a-paII j| pill jja <alj5i jjSl Lj^Sl lain -a ( jjjlall C>SA tilt I tp .ill jl 

< ^ i l i /tf l a^ijuaII Jj^II iil ^Jalf ^11 <iLaVL Ojlall <Hll£ll Cul£k Lujl 

. (jjlall ^a.^J jtjjil l ( 2)J«~U (jlj-ujVI jxLcLjJbl *_) ja J^| 

(^jl < » l p-ij_>-*ll < « 11 ni l jyjLall Jil < Jill I J i.i m i<> all iiLiSj 

• cull jail ipa <ill^ i iiai ) yljjj JaLal-jJall V, YA* pLajJUl 

* ^"f/ V , AV ifillS <lj Jj$Jo jjaj Ha <ij^jJ.I (£_>aVl (jjLall (jU (ja JLlJallj 

■ 1”^/ N • , 0 • • ^lAlllj < 1”^/ ^a^ A, ^Y• julajllj 

t^jAjja.jlIj p- jjj-all <ill£ jjjlall CAJi jail J-* jaL pOjII Jljj Vj 
i_ i im ll i * lli. t lj i Y^l/ ^a$ • * Y , \ N iilS <1^ <Jj_jJo jaj jit ^jullll <Lalc. <ijU ^jll 

.jl^oll <i|S Jlaal 4 jjjI <lilS ^Iu 

£ IjyV I j < . Vi jajj « Ji. lll I a jjai jaLiaJI jua&j jl jjjj LiJjl 

jStjjj £ ft_i a~i..a jjSu Ladle <■» p a LpOjII ^jlll j-Sjij < (jllj^. Laalc. "SdalSlI 

• IjSij i ^jill yi jutlj I ajjf iaaLajll ,’niall 
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c 4 £z£ L*jal| <il!S UbjalLi ^&ll .1 *.~» .I. —1 I»««*■ 

ilA ^-lacl ^.Irffc n ^lj <Jj j.lll i£j-> <ill)J j.j^l Cu^ <1 ,jjSkJ lWluJI 
ljja>jljjla)l jjjlcj Jac. jjLJLI ^^1] jikxall t_ial jill jjij >_ti m ji .^jLusuJI 

. ^fiLbAjlt Jja i/i~\l l ^Jc CtUlkll ^hrt lUixj < ^ ‘j^...*H 

5L&J iualL *1 i ^uilj ln^ <_oLil i ill 1 I_jc._jj I «.lift I --"'Ij 

* * * 

Ci'a'i ^uilj ljj»Uii« < la ■%! (jol i/^jJI La ULc 4 l/ilk ijL> ja 

jjujIjII ti.^H Io^i ( plumbum (_yol mjll oliQUI 4_aHJI cul£ Llj .iujLall 

. plumb line jl JjtLiJI k^ i a .a...j 

o‘ill ju oLiitl ^jl <ilj^ jjiyi ajlll joL^jll jL iiltj ^ 

4-oLc. ^Jj ^jjjL Lull I i<UIj^ jill l o|4tj jllij^Aa jlijLo tdlaA 

Jk J3-« lil I^j jiiutu ^jll 4ajL*JI jjt ciLIj^II f jjb^jli ,<jj*Jtl (julall 

. JlioVl u^Aa jaLajII 


jV 4 io Ajlt jjjj La Ijj^j . JjLu joll 4 Bj*?ltl jjl » II t<li ja jjjjllj 
jxuu < \ , • • • jki «UL .jail J^'i ^Jc 4jLajkl ■*■■■■ *1 Jjl^aJI - 

O $a>lI ja Jjiltllj .^ t jaajlI alajitl ^jl lJj^aII 4fllal jjSkVl JjLuJI Lu y £ 

< v^/ v^> 4 -tUal < r^/ j>% 5 [ oLaUlI 4 -uijj*fciij 4 ill yji 

• lj£*J 


ja 4iljS> jail jm a_i illLiij < V^/ ^al \X ,V • ji jjajll <i|j£i < illlj 
4»La>j ^Ltj jjjjlla 4j <bljj V joxu jll (jI L-jjlirt‘« Ijjj . / X- j&li jaLajll 
Jaljjaj £-0 l | ip •%*! < »j ^all 6jJtll jAlaj If a 8j JjLaj ^ 1 j ajl Ja« a (jj a ll jja 


■ SJjILL 4Baalila 4^L>jll jl jhiml ^3^11 Ctlj IfJ 4f ilitin 


,T • • |_^Jk La-tjll 3 M.TO < ULl j u.lVl SjLLI jaJLu V Juijll *\j 

■ * a til jl£ Uj .jaL^jll ja /V < -a jol I 4 nl il jl ill uaaJi < T^/ ^it>1 

alajill (_fil VLaa. 4B|v*XI jjlai.1 jail <ja JalU ^1 jaa*aj < Icjaauu jjUll J2| 

. 4atalii ijtstfjl Jail Jaaa 4a1 l*-^l*o jSa 
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jlc ufciitl JLa jkuu JAA jaLajII jjS| ^jl ^jll ^jltJ 

jiljiLi piaii XU .^lluljII 4liduuk Xil ^ aJ ^ i mt ^Jj < j^ulitl Idle 

. Lijbj ^IjflLi Jj$I (<L 2 j 


c-jJbxIl jjSu I jLL ? 11 ">l«^ Ij&A Jj(j^jJIj LLuall ^1 *mi>V 1 ii itiiU Ijll 

Ji-o I_iijtli t JjIjJIj *.I . ..^.Vf ^ 1 /\-y $ 6 jj "IT j^n jkjjj-iill Ulj£ Jjju) 


P^xol I (jd I \ iti*>j^ Ifl irtt \\ 4jIjJ 


CiIjjjj^jII jjd JjJjJI Lfj j/->d ill—fl . 4_&lLL^ J,1 ^ Lfl cJjilLfl t tillj ^dj 
JUXaII L^j ^jII oljillj . 1 jin J-JaJI 1^-j jaaaIIj * 6IjjJI Cuijlil oljj^ij>ullj 
1 a j t (illjt <ajjuj . <iK jj^l jitfjj Jle L*J Cildiid^ll 6J-A qa 

• UBS jSSl j i diw ll <jK t jlel {£jjll £|jjll gK LIS <j| ^le J^itu ^Sjju ^j| 

c£— > 1 1 1 ul l£—^ fj-* ujJ ^ * Jl—J j } • *• (j-L * ^>-a J 1 ..*.11 Ij 

* ^Aj ^ *Lj^ uW Lo_^J (jt5 ^ ml lj 

• ^ w ifjj UJ3 ^ i-fcAiillj 0*V <jjj <1 ^ja.1 <U^L jLiJaJlj 

Jjd-MJ jjlc .jl Irtl IjjJ Ij Ml %jfc I 4AjjJc^ Clljjll ^ ^ VJ*L iillj J> jk£.jJI Jjkj 

^ a l in J^ - j £-®j ^• V tsjj ujj <1 V. \ (£j j ^ij$ <d jjjjjlLi i JLiJLI 

Sjjlfj . LiLiL^ Jil j i ~i« j j tsjjll oj^l (j-4 jil ^1 j In 

<_r* oLa-«Sj ^ iaji yJtVl (^jjll QjU l olj 

cjAoJI oo,n 4>» / V • ts jflj 'fY’A (^jiil <Vj, ,j11> p^jll t,J*v5 

^Lji—* J—■! J .‘~‘ j ~* (*•? ^ \ A, • •. tJ _ll > j_s. ^jj|jj_iJI <il *ft a 

. laA<I1I <aBS ^d 


£ua*Il c*\&\m 

lJVI <AJj1 jlo *j—O (JjV o«liJI »t » *i il C_ij_a. J_S ■ ■ * MI Luj 

. iiljill ^ ni l J a ll jkSjJI J n->_» t_l_* jfl Jia ilu 1 _*V| LuuL Ji^Jaj Jt^Loll JjS 2~. ... 

' M ^ .ft ll fjjl jo^UI O* o^J 
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. j itir j^aQll oLlujujI ^Ull jaa <j-oVI jJilj (jij 

— \ V\*\ J Antonio do Ulloaf^ljl jj jjb < \ ml ^JLc jujj j.S..j> 1 I idlj 

LJj . Lj—— ij j—JL°j (j* *-o ^ ( W^o 

_ijll ^jl i miVI A _1_Ifi. Jj]_la| ,\ fl fl _jil ^11 Ljl «<*> 4jJ—J lU 

. platina del pinto (little silver of pinto) A a UU 1 


d. A otl jj^I jl^ A flfl 4 jI Q*k>/)jl La ^Lcj-u-uj 


' ■« 1 i -». ^]l VI I Ji|j 'j J i» i Xa. Vj ft 4. ji^lj < lx». <LJLc. 6jl d U1*|I <aj^j 

. jl »' "■ » I at III Jl i JaJ I ,jJJ«JLl ^ Uf.l < It I nil dlljlj . ( ^j-a.V I jlj-U Jc. l.fl.~u JjV 

^_il_LxuVI * ■ ..VI |^ll Cifl i i/il jj Lt I I ^Jj^xuu La djlx jjjll |ajj 4 fl lj 

, -j ■'■ -~V ■ unj at 

^ ^j 4 . ~i i hj jjlS xii *d j A- k.j <LjJLjlII ^J-ULlI^L-lII jl (j nVtl i^i I I njjj 

^jLu-l£ iuiLuul < \ A* * 4luj . jajjJI LoLu ctj ll^Aj 4^uixu^ll C»lj »U 


( NAVA — \VY\ ) William Hyde Wollaston ^ "> JljLa ^LjJLj^a ^3 11 Vtj 

^0 «L_lCj| A*“\ l ill Jii .t. (<GLl^ 4jL^A I j "ijj a*11 h fll I | ^-AjjJa 

lift <-ilo_aJ I 6 AA Cy> 5j 1 X iiw J-*J • 5-JLc. Sjj-a. dilj ^j j'iji ^LjII 

. ^ <UljAUl ^UU^UI IjUUjJ jUiiiA^II jl 


,-.*.l 1 ■ ■• * » « ■ ■• j A J 4.1 ^j_llaj| I J n_i ^ i 4 iti ~i ^ I < \ A • V 4lui jji 

LiL^ £-»JauJI jic(\A\o - \V*\\) Smithson Tennant 

— J I (jjift ^jJc. ,3il= I J-Aj . Sj j i m di lj i 4 j 

^JJ-ajjV Ij .CLlj^I 4 fll~i4 .ll jjiySU l^iaj (_ y ‘* n . ‘ (3° 

. 4^-ijS 4 a»jIj <1 i*! <& ^ »,.<V I 4j^^j-q jjV ^*'» 0 1 <Uj(jjbi 4 a K jja 

CuLS ^jjIu^LiIIj ^jjJujVIj 4jjjll <jl *4^4^! U* 5*^*1 J-fJ 

. (N ^V)fc_jjh3il (^jjll ui>ll a- JflSj * Uoj.Wj.U. 


426 




, jjia ( xf/f+s wr-.) ^iii > ju.) <^\s <dij 

X\ , lo+ ^alk&LJI : ^jb olilLi .ijjill jlj^U Lii ijj UjUaILj 

• XX* iA- X^/ XX, iXS ^.jjjjjVIj * Yy/ 

jja jl^l X ^* mi u uiiill iiLii j-i^l ^jLj^Litlj 

bXh (jl ^-ij 1 j Ijj aSij^s LJLa* i_S jjl* . Z.O <t j i i ui 

fjja ijljfi 'jA^Vf aJJ-fcjlt jljJ.1 Jj-ft ^ (jAAjll I fl u A tJl l £-a I^ S’i L j ii) j 5—(jjL*J.I 

CtUiUI 13 jtt-uj%£I I J*« - jjlj (jojVl jJui! ^jJc aJjl—Mill oij_>JeJI >rvxi <_> A jll 

• fJt“j U* 4?j 6lj > 

JjJjlU jj4 ^.j-j^jIII Jyl }L3 Oj^ij jit .(ju^LaJll aLai^l Ja »~i Licj <<iltj 

iiLS JiSVl UUzl I 4oLJI ajlll JxilL liij . ty ^ oXi <Oali$j iiliS JSVl 

. <jjLc ijjjXa i~i~k*i a JjjajII 

fjljJI a..ln) 4-ftL^axo Jjii ^jl <ilj£ J-fll jl^-o i Jjl J^LaXI 

<6 »a 11 <a^aXs _yx. < .utir^tl IjA t flL_iJ I I j^tc. ^-uaUI <jtj£ ■ j - fc ~ 

• ^ ^y»l <i< i> <_i lit ** • <il ^1 j f IjA yC SjLx. i j tli rati li|l ^tUall ■‘H jtkai a ^)| 
(£>ill p=Ij^-II *LiLk£ Jeuju^Xaj a l « t tl uifi ->ll <ilo^ J-i i ii^JLa <1" a I 0 , ,J|j ^Jcj 
ijV < IjLil ' _)» ~ > a <iL£ Ij-u^ Jil gjjj ^iJI ajSI <uKtl <Lili2i]li JaILij . <* ll-v~» 

fI^JI <iljE£ Xu-UJAOJ Jplijtl f<«j ai uiiLill 4i(a£ Jsujujla ijjl ajSJt ifiK 

£»jl JjLJI ^ Lflilc.1 Jil <ilj$ (j^LuoJI 4 cLaaI JljU Vj . SjSJI )Ja.Ij 

. Jjjlljjnil 4il!!£ Jilj 

*i-iLlS (Jil p^j! ^1 ia' i < jjjl <^_ol I.A ~l,l jljil UjAualLil 
■ 4i ^&-fciU <LaLo jjjii V ^jjJI jljil ^1 <ajj jjl UAJ jkjAiJll 

• ( v_)IjSJI l]LkV Sjl_>aJI 4 ja.j J 

ai»N * i *i J! *‘ o+ j-aoL*JI JS| 

A"\, "\ i-iliS <1 jMj rk j-a.^j ^jll ,_ p Lrt ll j^JIj <ijyLo )X"\. — SjIja <La.jj 
j j-* -^j ^jl tl <ili^ \/“\ <-ilj£JI ajjt Jlojj . V'^./ ---- ^ 
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*j * »j)V l ijLi£ ^iu c kij^ia 4 jI Ci "hi (jl ftj (£iiil 5-iLaS J(Vl ^1 iA il I 

. 1 _jli^itl <iQ£ TV 

<li_^. ijic. j 1 ^* 11 lltj < 4_iiuaJI ^l„)ii tJVI OlLLS JSl I—aj- <> c. Jjlj iullj 

4l \ 4 ) Cajj j T of — 6jl^& 4_a»jJ JjC JjLluII ^laj^U^JLi ■LAa tt^ U^ll 
^jll UIj^ JSVl JjLlJI J ^ illrtll aj^y-iaall Jaii if 0 Jiajj < f^f V * 

. 1—fijjJa <L| Q-vri Jajj <jl (jioj 

. tliljliil Aajj UU>j liikj 

oljLi-II <lla- ^Lua^U oljjJI cul^ LLj 

CiljUii -uL-aVl Ji***Vi i-i_i~a- 1 V 11 njlXt jit I jl ) Ljjlj j Qjii 

■*■■■■ ■! oljUlLl . H iJljlj • | f l_j-aJI J all (ja ijj oLfl l mfil I j ,w> »J jt 

Ijli . ■ »<-ll *d tl.-^fl 1 ii %Vl j| ‘"‘**1 *1 Jja Jj| I | » lil V\j (4al irt u 

jS!juLa £-a J»l«“ V LuV — 4 ini*>‘i« jjjjL-all ciUlu 

• Jil <ilj£ Jajjij l ji ajjljia tjLa 

4jkjJj 1~« .AH ^ ^*1 j % ft 4 1 ml j J i—fljjJo ,UI aj I a t cllj ja ^X_)JI ^Jtj 

^!ill < * 1 ...1 tfll | ,-.1 fllvCI| 1‘nUt. uiju I Slkj . 1 _I lilt C.Vi <ila£ll juLtj ijljaJI 

. i^u JaLull Ii‘X . 1 

) ^■khlVa JiVrn i oljLill Lfla jjll oLli^aJI jl oljjll ^j^jay 

^^jll CiLlr^JI jl Ciljjll <ia^ muL'ii ? il ^11 jU (jaj . <JaJt_a 0^1) Ci»J 

. jLiJI Lfia i*n$l» 

(jy jljllJ . jH.au a. <JjS ( jic .I <lj <J | « 1 jS 1 —SjL)Ja C i *fc j <jjLill jf^ll ja (jjjljllj 

■». l *X. I|« «■> ^C.l |jlj ,<LLa jijliiu VI i&j] V iLij^i itrjMU JiaJu i»i*i« tjU 

, ff.f ^3^ \ • ,T <lla£ll t^k (jl I Ah I al I j lt l VC jaLlj S jjj 
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uranium hexafluoride jjJI iS uiisut Lu»jJ Lul lillj £»»« 

jIa £j i i^ SjI^a Jl ^1 * ~fc_i V illlj < <JjL»ll i_ijjJaIf yi l.jl* ^» (^jll 

fVj^LxfcfN ^ »♦!* Ciliij^. ^ jit CilAjj^J . tsjlt jLaJ (jl] 

jjjjllj .jL)la oljj Cw-J Aj-=Jj ^ Lf** U J L cf*^ 

. V f / ^ U (jllj^ ^ jlill lj> <i!5Sj i roY 

^jll <iti£ jSVl jLall jkjjjljjjil ^^dUiloui 6jShjI <jl i jn*i~nj j 
J2| > lillj < jijVl ^kui ^ llA < j i. u l jtt ll (j« 1—JjlSj Jlijla CAJ Uljj 

<!LaJI JaVl j ni*i» ll jJbj iJjLuJI jg-a»jj j_i jI I <jl_i^ jjj 

. 4liLJ| j| j.I.^t l 

■ ^ ‘ ..<V I <LaI!l£j .Lila, < »lil 11 ...<VI jt ji ,% 1^ 11 Clj 

(jS LLj .Y^,/ »N, Vo (jtajjlill uCl^j ( Yjk/ N, £Y yj <iuiLiSII ijj^lall 

iuulii *— j<j Ja liiaj cl^^JI <llj£ jli ^/oj jU^pj l/o j« <‘(3411 

.V^N.Y^ 

4j| < <JLoJkl j^ju 1 11 it) cl^^JI jLlcI yjc IjJjju * 1 j^ <jlj^ij 

\A X \ Y j Ctlj 4 j^jiV| 4 .»«*t i -*• a . 4 *aifl-s. Jj^ <i 

yi ' l ft Ijli (yji (J < 1*1 J |!1l% I4I ( jJoSl CuLu ‘ «»■■■!! 1 

jlj J . yljj4| ulul iuijjll jjjyll Jiitj t^jflj *\Y , i <djS <1 A jjb 

<1 ,‘h Cimi jljull ijA jli ^ (ill Hjli Jj n lfl yuilju jLkii Spj1a4 4 1 »i« LI 4ijC Cul^ 

. ( lll^^ VV ii£ 

■*••**" Ammonia LjjdiVl trl^JI <LaIj£ j« J>| 1^ ~il\C I j l_c. jjc, Jliij 

iitSSj r^/ ^ . , VY methane ,jlUI iilSSj X^./ ^ ., VV ^ iu-LS 

T^./ •, * ^ hydrogen (j^aj^juflI iitSSj T^/ ^yC - , \ A helium ^jJ+ll 

,>» N/Yo* ,••» <pljfll <ili^ \/i t>» Jil (jya.jjjXifILi , j,j] 

. osmium ^j^jjVl <il3£ 


429 



. (jAjVl jc-L-i-u l jic. 5 Jj . -yj —o jlj_a £a VJ jjVI ^,1,.ah JaI _> .~>.i < i*Llj 

<jl j~ill l ji Xaj ui^jjuJ I,' j i llti I . IIa jdt iJLiV (jj irtj lliXa III I 

■ (jJt Iff cy* J2lj CiUllS 


(jdjVt Jtkui ^Ip JajLuaJI 

jjJc, £jx u La Ijjhj « JLiiV L»J ffa'la p^juu J£ j.1 at 4-ujL^J! JLa_a j_uLj CM 
< <a.L«.lI 6 Jm) IJ-L fVig ll . jIjSlaj 4 -hima c. ,‘i'nll IIA . ,‘i’ig lLi (juLamVI 

. pressure " Li .oil " jj* 

j_ulj Cim JiuuV uJ « ^jll — ^all — t> ( 34 H ja Li-h o £ Lfl ^ juu J^ajj 

^jl I*> ■ * jj .-,1a! h*VI «^ « -•- l*i vlr La 1 A 1 1 AjVI iLujUJI Ji ^1 a 

iijLJI i_flj^kll .-«■• 11 a clj^il Li ,A Jjjj V Jjmjj ." air pressure elj 4 .ll Li.A" 
(S Ij^JI Lj .Al jhl »~ll » jLuia Li .At ^jLaJI ^i.r» l~l^ -L 111*11 Jllj JjIjauII jV 
AJ|] ^ la ail ^^ajll ^Ja ^ If* jLujVI djji ^1 t i_i laull Ij^ij . flj 1 lij 

. SjjbLLJI 

SjULI Op LiS Cul^ I a 4, a <j| (jJ^alLI u* 6.U.U. CiLijI jjli < lillj £aj 

J,li - ?■ -ILH * m .*. * ^ A -1^ ■%. ^AlUl Jjj I « j Aj t 4 j * 11^1 I I j >a 4 f j t I 

. ^Lili tfj ^JLixtatl aljluix jIj-o| jjS| J-AjjJ pLU 

4H a ..t (* ^jJbl r \*\iV 4 >-.!. djjb j 1 mi il CiLahl^jjl 6 J-C. CmJJj 

— ^.A ) Evangelista Torricelli ^1 lj .t.j^ I “* m jIViLLj ^JUa-jl 
LoLj Ljj JxaIL <J Ljj ^Aj Lo.I r p I^JI JMII julill jl£» Ijj t jSlj . | 

t Llai i A p 13 -£-il (JUL) *4j£ *-*J ‘ “ 8 * UJl) ^ 6^ (jjj • p IJ - at iV I Jj_a 

VI V Lij . 11 LI I a Ijlma jjA p £»Ji tS ji f (j^JI 11 a L i i/l (jjii 

^Kll aljfil Li |L (jl^j c lj|ll Li iA ja jljL Vj Jajj V <jaj < a IjfJI j* jljit 
. jLLoI Zjjiic. Jja iLk a III Jja jjac. VI V 
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J-fa ftl ^111 I ^ Torricelli ^ll> » 1 .aul <2j£a 1I a 1 a -> ‘i .ltj 

(jj# Ijj nr jjjljj Jjl plj^jll l~« --~l (jSLo-J (jl-Si IjU .pitI (Jla A _ya t 41aLl£ 

^ya Jj_a£. <lj(jl I i<-»il Lil£ (jjii <jl i—> •> J* <jLial Sj 't i f ^Ltjl ^ya iLjis ja£>I pill 
UULjl JjLo-o JjlijJI <j-a Jj a-A-fl 11* (jjj • J-^l ^/fc <t - c Lijjl Jaa^I 

. <il^ JSVI pIII <> J^LVI J^uJI 


IflM ai jal 2 


I (] - fl J L . 1-w | jlr |y IjHx ^ , T Lfrl jio <A=k.La*j 4 a£jaI H I 


Jj»tpn 11 i—S^UIj JaS^Ua p j I aa j » J^jJo 1 ij_iaVI £_pps_jj 4 Li.lt i I ft.t i cij Jj-il^lL 

Ij jkJ <j£l «Lij_ijVl ^j-a JjAA^ll Ija .<LiiiaJI ( JaaaiV £"\} * *■ *1*11 * 

Jj-at ) <Jt (jlu < tjxa ♦ , V*\ <lc.Lfijjl JjAj^ll jj-a Jj) at <ajjaV I (JJa jlfl . <aJ^ 
• (J® (fill dj^ll UU3 ( 

<.f.l i~i jl Jjljll jj-* 4 i ,f yjl-uu plj-fil l a i ia JjLi i liLJj ^1. «\J 


• U- -,v\ 


f Ij « * • , VI <Lcl_ijjlj £-A_)-o jILa Ja^Ij 4 » 1-it a 4 aI hi n ^jJ I J^Aj^jI J j flf (jjjjj 

^-a-a 3t>® * 1>4-II i i'il (jl ll/bj . a Ja,. ' Vi Jfl M i l PjjaIi JjAj < La1^-a.j lj^ ^ • TTY 

• ^ * YTY li^ j l jjjj J=ajJI JtJaAAl i_»J m* l a JaC. (j*aj,Vl ^Isaju (jJt JalIj ^-*J-« 

Ill 5>aj j 1 Y^/ |> ■% *\ ^ •TTY (^jIaaja elj-fJI la» - «A jjl t i Jj-SJI llliajj 

. U~i aa.lj ifjLaZ Yf/f^ \ .YTT jLitl 

(5-111 (jjj jjc. Lift jt K~i‘i 111 I j£aj3 

pjjui Lfa ta* ‘ ^J Ajj* Sj5 ^ 1*1 all Lai AJa.J j it »J ilij-k ^jJill ^Ualll 

' Jl^° jajLi * ^^1 

. <US J j->«~i ^jlt SjjU ^ 5ji| iiAaLuVl 4 ausUJIj 

6ji JaIj -elji a j < a»“l l Ujljia itSj L|jJ Lj] ^Jtil 

SjjlS Sjill jjjlaj if* >aliAij Loiej .Kp. ^ |»l_>a.jL£ll lib jjk SJjli 

f lj >j l j^l l *>®ll J* -Mi £_>-“• I <lKJI ( ^.1j-aajL^II J Ja (J ic. 


431 



iuljll (jjjla <it^uijj < jjljVI iulill <LL^j <LiQII > ji* j^lj <Ltju> J 
. Ij^j . £US1I Lilill <,1^ > iulill > jlu? StfSj , iulill Juilill > 

c- .K~. lj ■ «-uLi J5tl <jj 12JI > jJLa — jkljAjJjJh 6jill 6JJb jliLt jl JLLy 
jl* - ^lja>jLj£ Aa-ljll 6ji c lftU ll uijC < <L)UI SjLulII a j-A jklj jljL.-XVI 
jla—uV Luj$j < 1 newton ^ ^ jjj-ij x&lj ^Luu LfjL. J5tl < t.l Ml 

• CiltjLuullj (j\i <4)1*11 Jal.Yimlj ^ll ^4 Jjl j.i'i.. ^jll > jiju 

l -1 * “*» tfjl cJlj (j^J V A*"\ AJ-oll CilxajJ jjj jtlj-a.jJj-£ J-^-lj j-iliy 

• j 4 « J^l jjju N • W\ • j*itl uj 1 iti a jk. e Ij^JI 

J*lj <iU J jJi—o J^l (jjj_jj J_a.lj]l p l-alull lJjXj 

( - WT ) Blaise Pascal jJ* ^>11 ^Ljuill lajjfi /Jll^la 

^llj iiijj. y-i Lt.~i^ l Jlx. i plj-^JI Jni prt J’j-pija jj-lc. < n fl » ujLV. dj*L f.Li ^jjll 

( J-^lj J jl «j ill jJau ujmIi jk f Ij-jJI Ini IA gli (jaj ■ ^x-LuuVl 

. jiiu.L \.\ri. ^Luu 

£-£jjJ pILI (ja J jnt fl . jjLuiVI <ijLoi (jl jLu Ini i A >1 (Jiul P Ijfjl JaLitj 
( JA <1 Sj _> it. (^alx. Ijlj . J-a. J-a.lj 6 jlj 4 A I Ini IA Jjj IJ ~i a • .TTY 

. Ini iai jtjjl >J Jioi 4ti nn ^Jc. t~« .All jj* |ju \ • , YYY 


(JjIjjulI (jli-UI Iriij/ill ■**«■». Ini .All Ij* Ja n .1. (jl ^ iunJI 
(jl (j^AJ < Ljlaj < Ini I All Ijjbj . (^|L*VI (^a-jLaJI Ini irttl ljj. <|*ljl < % i n‘iV I 
1 itii*. Ji <il ^ ir < (jo cl i (j a C I (jnviiill (^alx. I aK JJ n a jo£ JSJu j *~ ■■■■ 
(jaj_iJI < _. lfl f > Jki (^jllj <_>l2'HI Ijk ,> Jji (j» Lulj La£ till jl < njTl cil.tjijl". 


(jc )LJ2 Jjjj Marianas Trench juljLjlj. ( > ■I niTw a l l (jJ^xSVl (jajJlj 

Jjul I jlj < - .*.«!! plLI (ja <ilS auil - ■•■■■II dial jjkjj gtfLa Juall pLaj . Ijuji^ N Y 
. t_ (jjdI p Ul (ja JjLaa (ja >i llni |A jljJ) >1 6J.U ujku ^lAijVI lillj (ja 
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j’vt jj . <iljSll >U5 fill Ini i A*u ijull £a i (jl iB-t i*|tj ^11 ■ 

N • V* Ja_taJ.1 (j_a cja ^a£| ^ Jaixall ijL'if.VI ^ I jjb JS 

. JlSLuLt N • A« • • • • • ji 

I A11 jljj A in ft I ^ a "k.t jl ^Jl Im* i a II IiXA f Ijl jjl aa . VI jl*‘ A [j 

. 4llj Liidl I jLcV IjA.I Jjc jLeVl 4^aljil 

Jj-a.jJ.1 ^_la£.Vl Jni iAILi 4jlj li_i ■sll Jft f. Jn« .All j i.*i < ) V 

tjflf I 4 jLu 1 ,iluj«lll jj» aiIjS .\ itil ^jVl <« ->l JS.Ai ^ill <iLoJI 6jLILfl 
•Uj La jltj mS ijajVl jLL Jafili 3 «r ,| <j| jaxui Jiaj I jLfl Ijl 

. 1 hj-> II jAlj (jlSa ££| kjLall (ja ^jSl Ua^iaA 

>jLtj .(jajVi jlaL ,ja jaSl 1—at a f I Ijj t«<i I nIS 6 j Lt j ll Ini .All j «* ■ "jj 

iillj d»J jAajiiS Y^ • • Jaaj (jl jA.1 jl (ja J n I fn (ja (jjSli ,jAjVl 

(jdaa ^^11 _paaJI Jj-t~t_t 

JBLu.Ln£............ Lfilj (jAjVI jS^a ^ Ini .Al l Jmi (jl j-iljj 

• J?. Y.V . , . . . ^llja. jl 

_Si jIj II <jl* S gu_LOJ JajJLAll a j-A jji (jn.iA.~tl I Jal i .A'lVI JJa 

(C .1 alj Ini i A (t-f _uu (*t»Sj 'i n. I J_a_jjl ^tJaxa jjc. CuLS jJ Laa lj » *S 

Cilj.l . Jl In i i At (jajVl (J^lj (j<t >11 <ilLfll laj i inllj . J j j<»V I J « 

uj ilL Jjt ill ^k ^jLalljlltill^i <jjj^i!tJVI ^i,..JfVl _ajj i I f mit 

(_J—Jl J J «Y (^iJI 5 jj -all < j 1 M j I n'ii n jj-fSIl -ail JjL_5_o ^ I ilj—111 (ja 

l 4 w 


jajVI jiku jk <_k*SII jlll -ljn.jl Y* * * <LiLaS L$1 ^jJI na <<alf« 

^|juu IS Y^. . ^ af . jk - **SM | ^a ^IjajLS Y* • * 4aIjS (ja ujiki 

. ift*il I (jjail A tint a 
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Uil-> /\ • 4 i m’u t (juLuiVl J^a^JLI (jJ-*-U (jl ' «" 

A- • • 4-JI 1 ^ i l-J| |.) jl <n j ^ iff ^ L... ttrj , 4j JetAl^lf ^J^juilI j ( 


^ It < i ,tiLxJI '*.1 . iLM Lt . A Ci'mdtlj ^u^Lajli^ n f Jj£j . f ~ •*• ^ 

JjlaC.1 .Ait <jliill 6JJb J-ijjj Jljj Vj <\V• • (j.AxJ.1 <il$S[ J■ ^-~ 

<_J J■ ^-~ (2)1 jSitjj Lui (jicV U».AH J u-ij dll') <Glj (jAjVl cr^ 

• \V. . . (jJ*i.l 

4_ti^ ■ iiv>i Li. I1~ tdlla 6J^2k^II ajUi «Lal*i^ (jLi <(_)-=»jV I j!£j_a Ait 
(jj <_K»jVl (jJt (J-Ic-L) ^jLaJI Jiilajj 

Jj-0 4 I QjLS tUlL^ ■ tlfl fl Ui mM ^ulJj . L^-jI^^I ^ 1 ft-% 

TO*** <Lo^Lc. Ju*ll J.fl-.fl —V ~ I J-lA jl J-A.QJ 

. ( JllA Sjj^kjll Ja£A_kfiJI Jia T<k,/^^£ 

I JaTi iLjm J (jA jV I Jj LaC. I -_jJ j-fiJI Jli"l ml I ^jS j »ti ilI jj1% i 0 1 I Jj -0 

<__JI_C. JajJl_ la jl_ I I (>> J_ A iilli j £_oj . L^l jJfGj “LIjL^JI Jaj)» i AM £-a 

Sj-**II tf* 

- \A 1 N ) Emile Hilaire Amagat oLa.L >1 <jj)kA Jf-»] (PLjiill 

l** * * i ~ ■ -1 (j-o ^ UalLuul JAA .^K=>3 IjJb Ijjlj ( 

T * • • Ja^JU^a ^Jl ^j| 4 Aj^j «U^A A rt^vn CjI jl J-*u< jk.x-ki 

^j! I QI jl jjml I iJjlaAI jl J^tl f j_A J*tf. 4 A!jI ^jllj .j^tifp ^ujLill CiI-uuUj 

Jx-aj JjLfl . L*j1j Ijl rvij JUha <j| ^Jc. 4 j^] <<LiLgAll oLtia Ji LAjliul <j!^a| 

. Ja-taJ.1 3^^ 6J^3fc.jII Ja^duAll Jlial ^Jjj Ja^JLtA ^ij «ZiL^>Lal 

Percy William ^LLj ^LjAll 3!^ < • 0 <li_u ^ 

J ^ 3^ 6 IjjJL-Sill J^l «±iL^.jIj jkj-li ( - \AAY ) Bridgman 

JjLuO lijj . Ui .All jjfc ■■« <jjJLA 4^>t cdjjixu (jujJj jLSj JjLijU 

4j^i CiljItX^u jiulj JaidiAll j« ^ic|j ^kl C>L*3 *> 111 ft ^11 J^-«^jJI jiKiti* > A mill 

. jjSU j£| ^ioi i-ij^la Q-^l Jil^iJI 
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g'gjc «i*lIII -» n JjLuj JiLi. Jja i jjJJ£j J-o. N Y • • • ,l n i i A ^li Jj-oj La 

'.(*■$>>?> 0 * * * * ^* * * * Y* • • ♦ (jJ] JaaOj iflfpfl 

In-i iAII \f A j _i" ^uilj *i i>> i/ilL i o • * • • ^J| <j| ^ 'ill tilij 

< i<i 1115-a ja Peter Bell Jjj. jJLu ^Li 5 j— l^-VI ciljl— jlJI ^-Oj 
<_tLol j^a ^Ul ) iig'i ..<La Ca *jLa j-laju i ~\ i.,L Carnegie Institution 

N r 0**,*«* JxAJ Jaji tr> jjJj ^JLijJa]l A*L£j ^UalLujI j ^ 4 _AjjJlII jl^il 

■ 0*0^ Y/o {y, jjSI < JO. 

iLijj ij j 1 m JSVl AjU"k~i ji Jjj I4-JJ Jj-ajj ^jlll ^LijVl 

<-aj£! cuLS Aj-o « California Institute of Technology LojljiSkjil LijjiJlS ,.\$ * « 

JajjLuo ^Jl iJ^jlo^II JjS-al ^jLuaJiif <Llo^I <-ill_c, oLlj-i.uj CiLfl^ULa 

a^jil It i iAll ^J| JuVi jj — JojumcJI ^a £A-£Lo S*i£. J irfVi 4 iiIt"J 

JLt l~« Ci*>'i ditlaj ^ill Cilj tilll IjjLujJj (jl * I n 1)1.11 JSai < ^JLjJall AJ^j) 
jjJc tjj I/V-JI j^-ol tilljjj (j^jVI d“ J-^Vl pj-^JI J ^ ‘m " oljiillj (jjLsill tr® 

. eo^Vl —(JOjV I jJaL l_u^jj (jt. J-IO. Jji<-I~l 


(jlajVl (jjUaj ^xj LjaJail 


a_S *JJa_j » A ~ I C - 43-?^ Jo—»_^all LijjLo jl ( _ r I_3. 

I ■ ■■■!'< La-flj (jA JLu j ^ 4 jU ( (—1 I * i»l t a Lajj Ixjlaaj 

i_^Ij£ 1 I tji ja J^j jajVI (jA 1 ,a % ~w jj^| 4 JUjl vJLlA . <(ji 11 ft r til I <cja all 

ji -LJLmoJI ja ,lni iA L 4 J (jjSu jjl < i n i ^-afL uaj < 4jjjVI 

JLaaAJ 4-Ua-aAIo Ajlll d“ J-^l “t-t-S ilLak ^ Jjk^j i*at < ^^jVl j^>A 

. a JIa jjS I 
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<. U« i n oLuLill < <b£ll (jia t_*£lj|£]l jjl£| ^jJb ^‘i itiil j 

fj—i 4 j—*.jLI (£>-aJI Jo*_lAJI jj -5 5 j—o jl j-a. \ . _i 

• 0*0^ J&J* 

* 

JJ—4-1 <£j ~*—jjSjj >L*if. Jaj i I All ^ oljjJI 

4 kui^J <-l qj lll tjjll ^3.4. i-a illaj . 4 _ujL^JI Ul « .^*.1 iLijULi ^Jc. LfjjXS 

tl — tj C>— aj J-wu J—A CiljjJI (jl jt —taljll (j« ^t .i » in 1 \ *\ \ N ik—u, u-i 

. lJIS Ua 1A 

jjc ij ii 1/1 <jj j ilji ijj ^1 <ij£ ^ lV ».n <<jjLal! Jaja.iAll 

* 

ajjk . CiLijj'i^ihfL acjJLa-a I ,lj. ihj a J ti ^ laLaj ^3-lJI ajjbj . 

Ciljll'i^ilVI japjj i^j 1 -k jaull I 4 lAa 1 ja i_jljj 5 VI ^»L.~ ..." V 1 i_jjj^JaJI 

■ 

»L&il jji ^ JVI i-ji^^lil J^L <u_fll£ JLc Lj jA (j_a <j| jji 

I j .«■ ^j-a cjlj-lsVI ^jjll ^ it>*i 1 n*i (jVlj • Lij ifi^a OjLall ^jill juuuajj Ciljjll 

(jl-a-jjJ-1-4JI (j-a iy* ajlll Cul£ Ijjj .JtLiluj ^jl 1/1 Tij (_)A&jJI 

JtLLllI -UC. £*jli (jl l.4 ^a j CiLijjjjJI a j_»j CilipJ^J ,>e (Ca^ll «jLi 
jv\ 1 n jiin^ j^j-o (^i ^LjiVI I-L4J .ijl^JI (j-o <j Jjllojj ^l 5 jlfH (gy 

^ Ml I (jl_l a anil 4lj|^ ^ 1*11 1 1 tit I (jjo I I 1 111 1 ^J^| |*| 1 

. I i'i I I jl i<v‘l*vll . Icjid 

. ^LLuJl (ji mA il JtAjJ (ji c iu m I I jA <iUjj 

-1 UjJ^a (^1 JaiaAll jXlij (C 1 1 till I 4 il£ aj_o \ , • X* (j n a. it i f l ^ ill 

V , T » • —1 (^i J^a-jU Jafta-all , a«Aa ^jllj ja> f T •,♦••,*•♦,•• • 

j^LajjVI liiliailj jaaull i_j 5 (^i i—^.14! i_iK Jaiua ^kitL IjUkj . 4 _)i 

. nuclear fusion f g«aall 
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jA, ai.jll 4 ilr La J *l . n <j| *j ^ *»j 

I rta I 4-j 1 ■ jLiij 1 i.4i I ££3_*lf Jj ■% i > ^JjLLjuu! 6jLa 

CjIu AjLft j i ii CiljiJI Cl >L£ IaJ if. J i A ja ^ CuU£ 

^Jfir t jljA JjC. <jl ytl jjijJ . lljljj! <jiLjSkH Jjj£j I^kl 4 _aLa£ 

iila^ jJJ £j\j-a Ixxui jl K N*l* , • * » jllj^ Jia"i j| < JL-oll Jij—uj 




•VI 


M C5LH5 « <>° UJ^» ^ l A -i L lI ^ U* SjjajII SjLLI ^ U*. *j 

&y c£>^ tSJ^ 1 <^jL-ilLj l tsjj ujj 

f.J-* ^1 (£jj tr>» 1 ni*i jjl i-t 8 J-ojjV I <il “i^ CjIj-0 j ii JjIoj SjLa *t 8 it ~vl I 
jJt ^jxtj^Vl iSS* -lal« ■ Ail iiLuu N/V ^JljOi JLaljl iiLul jan lull jSI JJ» yi 

• C>“J^ {J=*“ 


6j-a Y * * , • * * Ij-a, ^Jja <LjjLc. 4 ftjlm CjIjJ (53^11 (/-* -LSLaJJ OjL^ 1^3 

i jA <<Lailo ^ill JIja V N/V ^Jl iilcJJ 6JJI jLao^U ( 6 l.3_lll jk 2 JjLa j^a 

* 

oIjSl I^jLma IdA ^ j^ fckjdu < u*a!ja 1 Lj . Ijh^iaA 6 ja T • , * * * ^Jl3x1 t .kutjjll 

Iji . £yc. ^Liifl Jjj_i IaLulu ,lr> 1 <ij-ilI I j .>%• « jc. 1 * ” «"* AjjXlo 

«JI—li <jl JLiAj Lb Jj^Ju jy.j JI Ctl^ J» y\ XcLull 

* 1^ j qa.|jj| j^iaja 


I LAJuwtl itUji (I^JLlA AtlUlj ^UA^jJI L ttfL A .^1 <uU5£ll ^A ^X^ll ^kj 

. jlftil£ JLUOJ 

|JAAJ Jll^ ft ,^j!A ftll ^A (Jllft *Tltl jjIaa V (4juIj <L3klj J^A 4 jSI1 

. jilAitlll 4-tl^ 6 jA jLi.M A-% ^jJj i j.vbX ^U9hl iJUAjuJI ^ja Laa. ^ . jj^Vl 

CiUlililj Jgjju^ll ji£l Ciliij^) Jajixa Qj^j (jl ftjjh JSt (j-o 

. (juAjiJI jSj-o yi A^a.^11 

• iiljS (jJtV (^uiLill ^ijll juj (jll Jn>i4>i V tii I ■ -~»(j 
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6ii«lduJI A .L-Ijl—aJI 6lJaj jl t j i^fl -- * La J^A 

<> ft jJj_lLI »lj mil ^JLc <l*iI f tl ijlj—aJI Cil-3.jJ i < iM—a <_a.jii 

^Laji^L f.j—H (jil! oj—* * *4!—jjll tr*« *dlj • (<a«—lil ^L#ai^l 

< <L»I—full yij . £"l—aJuVI £—il^yj (jAj S.Jj-aju* kia t jj^l l (g»iJI bjkjj < til If ~i . i«"i 

< jK.< u~S i III! (ju Qfs —bull (j* (jl_j}lull C)Lia (jJj (j-hOLa (ja < _lB ~b JJU 

j »j — ljj_uu JJa_J Sjlj—aJI I 1 aK IjJ—a _Li jl jh ^bill ^ilnl mi 'i 

■ f-^ 

jjjb 'is J 4uljlaul SjLs (ju (JaaIIu 6.1 III ,J£ ^111^x1 <6jLfuII ^juull &JJb JLa. 

y—lj <=<l_alu^llj *^jlj ol %j j ^_aj jjj . ^tuuill <ILu I <1 ^ iaia tuJ SjLa 

, <JL j»_ia 

4 ul_a blI a i7iII . . I .>.11 ^ ill j a CaLbLjSJ ^b ,. 1 jl f—lii * -»■* 

\ A£ £ 4jui< ^a (J.<i biiu^l ■*« * ^ | 1 11—j-SlI j^-a La—il al—La jij j 

4l ^ ■ » jl^ ^jl I *« * jl m a ^a <‘lj bit jL^ <_ul_a_JI ^ja 1 til I (jl LvV * a a 

■*■ ‘ *»■ < » »>■*» ^1 (£j —* (jl (J 1 «« n *^L " ■ ■■ 1 , 4_J| <j j -> 1 4 1 ijLa. * i ■* 

(jt b ft-i jj O i n n—au 4 j i l a J II (_gj a > u 11 ja-fj (jl »>ll (jkj.l au (jl (j ^ "J (jLS 

, £^jJqjluJI 

Alvan Graham Clark til_£L£ ^1—ftlj-a. ^jI_ait (^-Sj^uVI t> . ,£Lall jaLi sij 

.-.J a k. .U^, Lli ..UlY <lbu ^ ijLfill ^a JuJjll jb^lll ( UV/- \ATY ) 

^^a-uJI <uS_j=b (j-<J ■ j«A*i"tj I n y\ jj^j i «<B l uo I a-»*i (jS-> jjj <I| jx-uajlj 

^ ^ (C a Luui <ijb£ ( b_i <-ul a il I (^jJLjuJI ) <Jjj-a_>ll - ■b-*. It jj| ££jj jjl (j^aj CuL Jl 

. 1'iiii.ain <Jj£ 


Walter jbajl I 111 ^nllj j^kJyai I ^^lall ^Uabuil ( \ ^ \ 0 < 1 * * 1 J^a tlllj .1 a 1 
lia (jaj . bj < j'i! ail I ^jjLuill tJuk jukLi jji ( \\o~\ - \AV\ ) Sydney Adams 
(j£j . Lfjlj <_uLaJI (£jAj5i1\ SjIj^ i=bjj (jxa <LlLc 6jlj^ <u.jj <1 (jl gukjl i-ibLJI 
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Ijli S pLouJI ^a cj^iAll ill IjUL t tillj ( <JL^JI ciLt 

Jj-jQ ^A <jSj jki IjLaifl LujAj I j*i n\~* »A (Jj-a Lfljlj <-ajI ail I (£jXjJuII JIa LjALuj 

S 4u [ a if I ^jJLuJ f 4j j^iaj ^jJ I I 


. 4-ijLo-iII ££jAajJI jJad ^j-o AjJa* <jl { jJi Aj^atl 6,U"fc^ll U*tfl Cul£ 

fi fi fi tit 

t £-31^11 . IJ,^ Ij-iJLua 1 -^lun <G^1 LSI^ij liA.Lu* <Ls^Ljlu Lojjj 

^ ^ , \ * ♦ Jjjj V 4-ul ft ilI ^^JLuJI ^iafl ^)| I <JLJI cLu.LSJI JiLk 

j> ^'i J) ^ 8 »iLlj J-OJ (jAjVl ^ya J » J^- || (i_i) ijjLauJI ^gj a . t i II jjlj lilijij . jJLaj.1 \*\ 

"•^*** M *" I* * «* F j 

^yojjl ^3-8 *l»l «- < •> f 3Ls ‘ I j i. >rt £-o <LLijj £—o_a_>j . _u l jjk.Luu 

. white dwarf 


■ (jii n ii’itl N , • 0 ^jl-i-iJLi 4—It£ ,jLfl I j-A *4 ft-v jJLta ^ya - «-jH ^If 

tj-taj Jjl ^U*> mu jfcjj aJj-flj J-fl-j lj_i_k^ I * -kLVl (j-o jkjj *jL£ «LjI £Cjl^Ij^1I 
jt" at j < 5 p LA till jJjjfrl ^j-o j_xj 5* JJc dlL-Aj . <CLi-»J La. ljJa, wU-A IjXoaa 

|j (jftj 

Jja j* »/*>l ILuLh-i ia jii n .til <££ N , * 0 ^ Laj^ j_l±c,I Ijjj 

4-flli^ <jl »(i— j) <-uLo-JI * j ti It 4_J£JI ,ji ^jj jji >*1^* jj^jVl 

ij i.^> * ^ji jjij T ^ ***,*♦• <ia^u^lLI <0^1^ J irfVi <^-SI^Jl .iliUh 

^ ..,•.. £]£ mxii dt. Tf/^ rr• ji 6^ ^ 5iisii 

, |9kJAAj^Vl _)j5 6^-0 

^jc An Aj 1 1 jfc^Ja *_J jjLi < 4 a A iA <IL&. 

Ijia N 0 4flL.ua ^lill uIj^l JLuxiif 4flLuJl 4jjLuidft dal ...a« I j .A * * 

t 

. IjLt CajI^ 6j(II ijjirtn (JIjJ Vj . * (j*_»j 

6jl J(| *1 (jl^5 6 J.aTi ji^| <!Li_ijLak JL^o 0^ J-^AVI I * ■ A 4 . ^ tM I aK 

j a ^ mj Jjl j^a 1 fl S i I * A ,X ^%\|| JjL£ La I . 4 jjI 1 ii< a j_i^| ^L^lII 

. ^u-o^Ljjj j ^ ^>ill jLfiVI 
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^jVl iij neutron stars oi< >I»alll ^*>11 i±Ui 

^jl Jaju jl^ i Jocelyn Bell Jj -<■ uLu ^1 Iruji c^JUa \^*\V <Xu« 

. (—\^T£) Antony Hewish ^^l^l ^^ilill 

jjjSlj . Ij-i-ojitS \ £ Jjt Aj^j V <J (J<| « . tit I <tt£ <1 Ifjjjiyxt 

jjJc. |UU ^Jl jlull I^Sljll !ji —L^jlj 3jj.il I Sljlll 3j(j£ Jll 4lilH 

, O^lxc LjJ tljj <11 

JiVl ^ Ji \ • \A Lpllj—a- (JL^ 5 —“* tpJLKJ-f 1 <—il—5_Sj 

Sja (jj-Jjjj S<j i jaliI t^ajll 3_ilj&ll JLa ijj \ . . 

“La.J-1 Latj L$j£l jli J5- Ja*J V ifUHftP fLao !ji SjUIj .^y±Ajji\ iiliS jji 

, a il.» SjLo iLllu J«ij 3JUI Sjljidl 

. iili_i]l 4i _i Lf ca_SVl J_rJI j M t ! V \ ) /» j»—aj ^1-fc i lillj £—OJ 

^ * * 

jv li■■> ~ii fl i 3jj_3 <_a.jAj jl jil I 4 J-iL^ 3 a-j-iJ I « ViA 1 <i ^~i JjLS I il_i 

# 

ilj_ill SjL^> ■*■ «l ^ j_I — . I iA il nuclear barrier ill j__^LaJI Jsl_1 

Lfrjlj L qg _llI CiL^xjuiallj . 4uijlall JaLjL^oll CtjULt ^Jc. 6 jjLfl j,», c 4jjull 

^ylj jlj n ~i 111 VI jl-ifliVI 4 j 1 1 > f ^ 1 a» ^jl lil iuj jL —ui J_ajj Vj J ill 

■ V La 

I duLol SjUI 4 _i_ q jl |‘m j^jll black hole ^.ul - ■**■ < ^ 4 y 1 1 ll (j 

, ijL^l V La ^ylj <jjjlail aiu(j Cilillillj Jo^uaII 

c>“*^ Ci£i LftJjJ 6 j£Sk£A pla^uJI ^1 jl JSl.UJ Qu^illl jfcht A jl » Mj 

. ■ a . I ta 1^ 

frtjaJI jaJ 

. >V I tLlVl ^yjl lllml till (jjkjjfl 
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4] (£.111 I jli. ijJb ^tlu4i ujlinn JiC j!Vl Sjlili 

tv jcLju miU JiC (llllj jltj . ^ 

^jjJLbUJJ UjuUJ .oljlt Sac. ^ JAJU gj)* g l UI L f. (>fllj ■ liAll * Q)jLjJ 
a^ljll < ^SLJI j^l . oLITj-^ jl oLuj-A. Loj ^Jh CL JS 

jltj. Sjal j-^l alj-A oljjtl ja Sj .a alax.1 Jj fc i nil LsL^ Jljj V <Clil 

. jjLII jjjljll jit CifjJ i 1 ^aJI Cil a tm\ \ • X*\ Jjjj <JLll Jjw<i 

jAall gkiju «n*ift ale. e l^il ^ya 1 > IjIa <jl ^JJU < laJb ^ ^Cjll ^Jcj 

■ u^U >*••»•• • (-f it (syx** 

ILaa^SlI oLlj^JLi uj i^n j2j> * Ijfll Sjjac olli^ cf^J 

CjLL^aII jka 6j-A \ * * ^JIjA L u ^jC I J* 1 * 1 <kjMi>UI iiLiill ^| 4 ajJ AjJJUA 
4 L idjldft 4 fll mol a * lit jlll gjj4 g., 1JI oij^ go JaLjII JLo liijj ,4_|Jjili 

• ( Lh-* ^ > 0 

4j^J iulj^i I j *■ ga CiljLII 4 _L^_AaU CjLLjaII Jslujj Vj 

4-il^la 4 jL» I ^ .A«. ga Jojjjj V . <-lLa)I ^LuiaVI AJ^ajII -LjIj^JL^ 
4ajjIa ^ »*>**•" 11 oljLiJ! < AJlLaIII oIjIaII 4kwl^ Jajjjj JaAA — I^LiaVI ^Jc 

giuuj 4- Ij^JI CjIjj^a jiiiVu lJj i <ifl t La 4JLt^lai e 1 3 fJI In a jaAajI jlj . t>ojVl 
pl^i! oLjj^a . oj ...o i 4 ajJj .A j]j . <iIjS J2| 

■ gaflJI 4 titii ajjxai |^judLuj aa~v.a J^itu ^aaULI aa^J j(t (£l jl | 

lal, . jaiLijj 4—uaLaJI SaJti (jl Jjaj jJk f I^JI ln« ua jA t ft ■\'i JjL (^JaJ 
<> jaII ^Jc. JoUaIJ eiK i»la^| JjmjLi cijjuiA OlK Aj^tAi Ct^il m La 
ji lu jioll ji . ^ajLaII *1 m ill ^11 ILiillj Lfl a_A. V 6jy i/>i jLuUjVI 

j-ajJI ^ja Jtm l Vj IjSi} JA 4i jiJ Jjlkcj j-o-lll JL gllj-C 

• 41 03^* 

jaII J 5 U. ijj Tk Tt lluiijl Jj ^‘t u-k JU« uJt ij Aj i^ . 'J CijjJoj 

lr>i i/ij lTi-»*i j ^.11 Jjjil < ilLaJI tillj ^ij ol r l KjV 
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* 

lj-*J • L2>* Jljj ^ jaJI pj»- tf-k 1 Aa-p « -l jjj 4 p j* im*i ^jjl plj^il 

■ (jltV Li » |^» LoJSi ^UalpL (j-kiajj <j| uaj pljgil Jniirt <jl ^ i« > 

(jj Sj——a JjV IJJb Jl£— luL ^uajl J..S B <i_iLjSwil IXft Jjl-A <ja LjjiJj I a£j 

. \*U“\ 

> i ''ji - Jj uij t-jjilit jjJc-V alajVI JS ,j-fi <i(jill ^jLujILs jjJI jJj 

4_uLaji f- lj_^JI £ya af Vj jpa.Lt V <CiV < ■“■I j ~i *j I * ■*»! «.*» £ I a~j l i‘.f 

J » tt L <Ia—aiLj ££jll plj-^JI ,ln» Irt <±JI I JpaV j-a. Jl £-L-pu <iLpi '*>«• <J£ d> Ij~ » jl 

plj-^JI [ill io ^.Ic.V I * ** 1 ^ I n i Jlj ^Jaxu 1 *J 1111 * iif 

t j fl jj^I LcIjA Jxuuj JaLA 4aL^ JaI j&JI * »■ ■* *;q , jaJI CiLujah Cj^uujI LoJSj 
fLfe^uL <j| ^a-C- jlI ^Ir .“.Ij" nj lt^ 4 jjLaj ^ya ^JtV $ < loi-uJI .*I1 a1 

■ Sjjl jjSl 

^c. p I J 0 11 ki m JLi^j V ^ I^Ljoj_Ll£ A, A£ 1 ^ r Lijj I | Cuai^ij Jui <Lo _2 jic 

^jll P ^ n i t I tillj^ ■ JK i uL V\ , £ • • ^]lj_ak jl — J a. ill ^cJuu .lit jJk Lap • , V\ 

(^ul aA at I ftj V j-j— a.Vl j_J—- aJLI JJj jLuj <aj t ■<■» ^]j <Jj(j| «LajJj ■ «l • -~■ 

. ( <JWI ^ill 

jail (Jrt il in a .hA-^j ^A olj^JUl J^UlLuiL pI_>LaII ^La 

qIj~iajIj ^ \ • J i* j . JL_i_sJI CiLcLajjI i ya IjjJ^ j * ^I d»Lc.I jjc 

Jaaj Ij j a j ljf> 0 • AjjI jit.j JI^_uL X A, • - * ^11 p Ij 0 11 t»i ■ X yli ^‘.. 

j a j ll tvu i.l ‘if Jj-ajll Ja—LipJI (jp vJlJVI (^a J_alj ^Jlj—aJ plj.^11 In li iA 

^1J j. 1 <tj L> ^ XT • ,iifj Jl^wL * , * A ^11 j * «j X \ •. ajcj JK...I. \ • \ j| 

• JI^mLi •,•••* X 

Jaaj (^jll CtAjll fj* <j| jajaU > jail ^IaaII |alja*iinVLt j-oVI jLu La lj|j 

4pJLb-*JI 4aall]l jp juiaj plj|ll ^ ^LL Lb ^jli IJIa 0 • ^l£jl ^]l 4_ti 

. plja. Leul LkjLjj£.l jSLu Lap hp^mi V 
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fl^il Jifi (jjSj Ljk lj!La YT • J^lijjl JjXr < lli jj* ^£jll jkj 
JLi Jljj >Lfl ^Jf ^tkui J tf J^-Aji .1 pl^JI «-iL£ ja ^j^jJ-JI ^^114^1 LfJ <L^ 1 I 
Odl^j ^alj JLij J^ilU eiLlf liij >0^11 jlll jji ^| Sjj \ * xo 

^4 ^ |{ *^ j4 5jL^lll I ^ Jmll L^oa^L ^ull 4-ajUaJJ J^La. ijcLi/ill jLaSVl 
• ^ ^SliAafl jjIUI i/Lab. LcS — ^£1 iSLLJ! 


jUlI 4 jb12£ jauuj ^I iAalI jajVI jt jju lj .i * 11 4iLuJi pjJ.I Jjaj LftK 

j4 Cil J ■ofit ^l^itl * > ^jiia ifilLfl !j S uni I ^]l JiAJ V I | t^l iaj i j II 

^-L>1( J cJLl oLcj-uii oliLxjVI JS j. ■" *■* LT*J ‘kjjH OJJ ^ ° J 1 11 
^ (jj .1 ~^*i _j_a— aII—( jiDjVI ^I in i i <ini -k 11 (■ l„ u^> ajl J^iatLo jLi Ijlj ^ * • ■■ ■ -*H 

{C1 -* — otjjJJLH i | flhl ft J ol^ II ^lil A* »**♦,*•• f jJI 0, * • * , * • • 


tjj iJ-l I <j-» J-a.lj ^y* JSl Ijjfc jjl£1 ^LijVl <j)A jj i^ J -1 a.£ I jjk J.LJI (Jljpi Vj 

.jaill ^Jau jlc ^ya jjiLjill 


iJlli SjU. 1 dxji^ ^ ? ^Ajli »l iA ill < j > i^>H »LiAill |jc IjL* 
^%ll ^/V o ^Li ii uj)l <Jliil (Jj um (jJc-jLjjJf ^ya i_i-> j ii ijljj a LjLwJu 
Ijl cilitii^jll (j-a LuiLuil t ‘i j Su juS 6J-4 j iij.^ «It <j_Jjil! ^jjVl l jj (Laiil 

4 njld illf jt,a>jjii|ii daljj £ya jl ^ ** ujlIL jl L^J^La* i^ja.^4 li&Luli Cul£ 

. Lf5>3 ^i 4 iLUL jIxa^iU <jujI ^jaj lilLli ^jl 


UAduJI J 1 *» Cil fli i *1 %ll l> ^^ISJI A a JLl Ji-OJ o\) 
dU-A jl I ( 3.1*1 fjjJI Ciljkjil CiJ^iil < oI/m~ iiJI Juj , u*iC» jla (JS1 

<i&p jill SoLtll j«>j jk ij-al iim cilkjAll (j« ijji iA I jl J-C-I 

Ji£ tilllA jjjii jii Ja, I'fjjf jl| <iC£]l JaAi i^ua Q.-W..H ju J^ialill . LaiI 

• J-^ tf* ®jj '**»••• £g?JJ‘ t > < ^ LT° Jj-lS 

pLattl yij . Sjij.ull stellar winds <uaJI |> 0 -»«i < tillj < LLa 
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(Jxo—J J j II oljj (j-o J 4 J 2 L»Jj n»‘il l J£ fjc. JLxajJI t tillJ-atU (frt 

• is* Ctr^X**** *jj * • ' 

< Ulu £jUll Ciljall Cf^i j< Laaj i C »j» l lij «I.AA ^<0 jtfjll ^Jtj 

N • \A a La jk |i aiJI lii i-A ^ 4 4 4 -fl ((jiijVl uSj£ ■ *» . JjLj |l>i A 

. Ltlu lijLi I'pul fLoaIIa . !jj 

j»4 -A fI^A vXjLj • L-aj| t^Jil yit ll* CiLljjaJI i jlA x ,jl jjLuuVI fJ*j 

LfCj^l 4 tja. Jlaj Jujll J^aC uii l u Ji t, 1 ylLiiji 

II Jjjjjll jUj (^O jljj ^t XU Fyji (^Jt jj»i OjXlVl (^A 4&U1I i*ill jic 

. Torricellian vacuum* t> .lL>MjjA fIj^." 

6jljjJI oLafcjJ wUcj • 1 fIj- 3. (jji; (jl (^A (3-^11 jLaj <a!oj 

. t_u£ll jill (_fi (3jjj Sjj ^ • xY, 0 (fit (flLxijjj F Iji (j^ ji* (£)**■* 

CiO-juy t 4 SUI I UxCjVl £Jj-Aj Jj-t> (>a MJ-xll Oj>lo (filx-xiijjj jkLl J-XAj 
£lji 6 oljujaJI JAt (>A <Ir® 6j-it JjA Jii (j-lc 

(jLuliYI I | «>!<•> (jjJI oLlj^ail JuJkJil (jjs U» )>A ^p-A -VJ (Jljj V lillj £-AJ 
4>a.J-a J-A U j l jii a li*j . uiASIl _>lll (^i jl Sjj Y ,•••,•• • (flc 

jASkVl (jo fLuSuaII (jc. (jj£» La OJLjI <x£i < t_&lj£ll Qlj fLxLaII (f* 

. ( £ju fLxaaII ja A>li ) IcI^A 
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. j {S*ur) ^jSa .1 j^JUeuI A^lVj ^ItJ m j jj j 1*1 mjU-^jLijl ^ 

• (r^O 

Lfjt Jjn~j lj < Cilja.jlJ JjJI flUiill oljJkj <i~Li » 4 i.fcfcj (jalj! I-LS.J : (jyjj (t) 

• • Y~A.^ai!.^ ji ^imlmVl oljajlij 
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£*WI 

iiUaJI JLil 
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4 > >Lt 1( ljL»>j4 

jlfhoiVt CilajJ 

dlj< Sjl^aJI jli juu <ij£[il jip jjuLS jjt «Litj£ll oil^ U^j 

inti 6ili<i juLlA 6 < jl a j>aJI 4^j«^ .gULdB ^ ■>• <iliall jfildt juLlA ^Jh 

. jxlutA jaG lj ic- <£jM jll e cr u)l yAj «lilja>VI LjS ljj >0 jG»*j 

U3%S « Sjj— a ^ Sjl^aJI <aj4a uL^iVI iij-«-o J 

j] ^1 O* 1 i.uiV Lui Iktdua jl IjjL^llwVf jiiaIa 

JIf - ^wdl jn A^ 11 ^(jVl <ILaJI ^yu . jLuu^fl ^ JJ g^itll (^a 

jiii Aj (jGllaJI llK ^Aj ^uuuaJI SjIjA, <ajJ ^-Ajjj S^juaVl <llail ^Aj judjll ^Jaii 

. iu^L A mai julitl Ijjb £-U 

jlj ^LaI i..AA*i I„ Aj'if. ♦ • » ja 6 4 a h *JI jl 1 nt I j t 1 a * 111*1 jl I in »| jSLoij 

ju»3i Jl jllll 5 jIj6i JSrr. JjVl <lLaJI JlS ) (g jjk Ja6i jja ujAIL jl <^ ~vG n 
<!LaJI ^A 6_)l_jaJI Jliu I "~‘“ ^La-iiVI iLlaIjj ji el^JI CiljLii ^LlaIjj LaI jluitVI 

' gfiH Jl jluliVI ^lll^ (JA AjkVl 

\ O^T ^J| A J A AjJAAl ClkjJ JIlLj lllVjl>i 6 ^Jjll ^6jij 
jaLlLi ^Uai Gjljji a »K^ thermometer jj Aj-»jj Jjf j ■kll ». j^»| I n.tif 
4—a.jj QA ti jI I »K ,14 o.Ti ^LuiaVI ji j ilJl ai Jjj] lAjIjlil dfc ^Aj . ^ AjIjjJI 
. AjIjaJI kjj jaLa ^jitl Ijl ^Ijaluil jLuj Ipjlja. 
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jo jLu« Lfi (J■>->*»* a ^l» ‘^* if A ■-"* j^lLIL a. ^Li 

pLajJj < 11 *s\ ill CjJjJJ .pUI Jj-fl ^Jl5 ft •* & jl «i*tl O-Lctaj d I. «M Cjju£j^ < ^ Ij ftil 
C.J flJjl l^a-Ur. <dUj JJUj .^jl i.uJI JaJj pU. I . \ * faCiJ I j L*- 1 * t p|j_^J| jf*. I L^i^J 
^1 VtLj .p ULI <—1^.1 n"l n <111. iirt.lll J p I^-^Jl J J-gj^ 

p jit Ltd.,*A JLa-A ^j| Laj 4 t-ii iiii <lt mi a CajI^ J-Lfl .pU.1 1 - ^ 

($ 

< tdl.il Luu ^jAj A nj L l Aj I p UI M to tJjLa. p Ij^J I 

. liljj Jjsut Cul^ l|*^l 

Grand Duka ^jLzJI ^*U.*11 I jl^ \*\io d^u ^ 

L^-j J./t n 5-L-t-oj pjmI ^ J^l ( ^V* — \*\\ - ) Ferdinand II of Tuscany 

Jj ^^11 ^Lfijjl <jL£j (J^-=tilL <li i<*> xil SLoj 6j^y *■*■>i & i ii ft jLtii 

. pl^JI Id iAi jjGj < JaiuB Sjl^l uJkd^li ^Ltall d^LiAjlj 

Gabriel Daniel Farh- JLjjlj ^UtVI ^Lj-iill jl£j 

fi 

a ilfl*‘ii..\ll «uflLi <^jji Hjj Ijlajya^l ^ i fi\i J^l |NVT*\ — \*\A*\J renhiet 

it | iU[ I t \ V \ i du .41 ftlall ojl’vill ( j-fl <jla 

• pljaJI jAJjj J ^> 5 


o_jjlI ^.i A J iZj I 4 -atjJ *U jujA i ^yiLuLo ■**«* «* "« ^Lfl 

JjLaj .<LajJ jflin ojmlni JJ _ a.J < £tlllj g£llj pUI £y& k ‘ l "- 

4^>jJ Ji£. LU jloj-ojllI diuu ^uaj I * ,,f |fc ,iI mi |jAaui * ■ i,j> - 6jlj^ 4^.jJ 

< jLiJc < YY i yJk p 111 .1 aivi JjI ^uAul ^uLiitl IJJb JjlLtj . 

*\A , "V < LJLa . < ^ yul . till IJ-A djLaJI ^ JUI^JI 6 ^) 1 ^-^. (J i rt lj | • Y \ Y 

. ( 5 jj 1 o ia.jj 


^III Sjlj-aJI oLa.jJ t-AA^ Fahrenheit Scale "of-fii ^Iji ft" >a 
CiLVjll |yi ^li^Jj^iil ^Ltill ^jA i mjj .ufl *\ A ,1 ji tJ YY 6 j 4 ^a jyi IttJLajjuu 
dlj.A.'i-Mtl (Jjj < jJL&ll ^jA .1 jjloL 5j| 4-alj A~t ml jji -15 6 daJll 

I H ^ ..l'> Aialll CjLVjll lyi LilL^i 
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Anders Celsius u -j _■ --I* ■■■ <u_,jji ^£1111 j£lA W£Y <1^. 

jUc 4lsijj jj* '■« Jj£ e 111 .1 a -It'S 6^)lj-i. 4 ajJ 4jl <rui Lml 1 1 a ^ \ V £ £ — \ V • N J 

l>«" ^ ^ijl ifllL J^aVl jA juliill IJJb lJjJU .J \ * * jic, pill 

6jj JAi ^uajuu ^Ic, jtlkuil i \MA <iui 4 j| klu . Sjkfti <1L ^*11 oi 4 j1uV CoS 
Jj-ftj ^Ai^Ixjj . 4£j itiI Luj^j OgISIUS SCclIC j»j » *■■!* .■ ^uLuLa -j ^ '»j 

fJL&JI p I aj| a a. ^Jfc niLJI juLJUI n 1 mjj . \ • J j Lin 
.U.13SH IJ-A ji <jai,^1minij CjLtVjll ^4 laljaldUil 

^ ** jl»7i <Ljyi| J“jla jSkftll |uj^| OLlAJ CiIjXOJjbjJ Cjj-4(j 4 LeJiCJ 

. 5jl^ <4^-(>o 

Jilllj jl^jll Jbl^ lul<la*^ii ioUJI <juLiIf <uuikll Sjl^aJI 4 ajJ uJ lATi 
£jlj^ ^ jJtl 6 JJb Sjlj^aJI <^jJ LLl&|j .<IaJI Jj—t-ii-fl ^Xo jkj 

OjL£ OjX <J15JLI J au,u ^Jcj lajj VT fjAj ** * * * *1*11 <lui^II 

^jtl J Weather Bureau (juiJLI! ■ * ^jjIj ^l^- ^Jci 

i N, V |JLii j i.u c. ^uiLII jj-ill ^jo ol i i uLa, if I 6 jJLa yJI <jLti J ^jjL 

. N \W 41uj jjJjj ^ LkXaj < 4jjla 

^4 * ■■ 6^1^-A. jJc| I * i \ AiT A iIM J.iljJ 

i^y> Ca.jj Y • j ■lm ^Jc.1 yjj LX Ca>jj o"\, o Ltjjj t iHSLi Death Valley ci^ll 

^Jc .1 tii Sjlj^JI lajj J i*i 1*1 ^Lfl liUj £_oj * ■* * »t~tl jLuuVI »■.. ^ tjlj.^, OijJ 

^4 6jl^aJI 4a.jJ Ci*£jl i\\TT <iw j.uimiii (j* jjtif. ill Oil ^11 < 6_)I_>^JI Cila.jJ 

. <Lljl« <a.jj oA Cliii LlulL I dklt 

I j u uj—jIL jl jajVl ti <ii j j -i-C. tjlj—& CiLajJ til l i *i | t < dJj 

< L-ilj- a. |kl_all £gj ,ijkll <Jbl_ill ijlj-A <L_ajJ ^ I f.l lljl j * £l 

£j—ill tj- 4 4-l-jLb Sjlj_a. oL_&jj lightning bolts Jjj_ j _II t ^c.lj i<-» j« 

4 jllx »jlj—& ciLa.jj <t--t.il ^j—JI ~-ljl ^ «WI |^j -%*! Vj« o_i)ll jl jjJLaJLI 
(j-ij ' ^Lj-la <J— iaj ij ~iat 4 * * iill Sjlj—aJI ol—a*jj (J-fci (jj a. u —I < l_jLij_Si 
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JL* — 1 i 7i l Cfi 




. oLLill ^_1 ^lj_ aJI 


juiil jl^ jLJI j^Jal oLiUJI CuljLi oLLill Jjlja I iti'ilj 

oLul£ J^l Hominids^Luuyi aLiooI iiiA tilJj <4JLJa jl <»»V 1 j^la 
jioj . I j in jlj-iil _>-!-£• (_^Lj Ij—oLi jjj.il Ij — jl 1 <1 J*LLi ^la_luij 

^jlxiuVI jAj i Homooroctus 4 -oIaII ■ “■** *** jjLuuVI i ■**«*^ o • •, * • • 
Jj_A ■ « *« JiUi I ■ ‘ .*.«■! I < jl_i,n*i^jj JjVl JaII I « * ■ ■■'« jji-Loll j^LojJI jj 

• u'j^I 


Homo sapiens ^jaaaII ^ulaJI dli£j ) <—oL5JI l; uom (jL-oWI ^IkLmlj 
Jj i *jljj ^ 11 ■ -~L " .i.l 1VI ^iaIuu Vl | ^(Uull Zac. uiW 
Jftfll I (jl ^ llf .J^C-I^J^H oL'j. |A l.U Mil ftjlx CliKj f^ULLilo uLujjV 
jj* Sjij-t. SjiA. (jl <lJc. (jl^ <(jljjotl oiilul I j|_j. ^ijlL Uujjjlj L^lLutiil 
SJjJja (jlj_jj J l «~i I ti l J lr » Tii (jli 4 aIaI (jJL jJ (jl jl j£JJA.Vl jJljil (jljJJ 

■ Jc-I^uaII (jo 


(j£o I » ‘‘■> l (jljjjJI Jl 1 i*iI jja (jI i iiiVI |<I«* 1 J^LlJ. 1 Jii V* * * llm u*J 

(jj^AA Ja 4-la_ luI JJ Jljj ^ljJL (jLi La tjLbJ < (jl^.Alll ^)A| jjl irt » tillii 

. I »| ■■»« ■■ 

JcLtj ■*** ^jlj_i]l (jl iimVI I ^ «.i »■■! (^11 LjIjJI (jl^jjll uhiAj cJ ^ 

^4 jAUJ Ojjll jl uLoaVK <JA.Lu ii^iAC jl>A (jo L.Vm lie 1 IpTl tjAiV 
^LluV o^I^aJI (jo i_a l£ jji jijj jIajVI (j c. gjLj <o IH-II (ji tfi-AAO^Vl 

. 4j^U 4^jJ \ , • * • JUjJ A %M nil Ajljftll oUjJ f 

Sjlj^x Cil ajJ g i Vi t jl jlj j ttl % “» imLj jl.. iM iliVI ln*i <nlj 

Jjjj] j^Jio « JLUI Jj 1 >. . (Jtj . Lo^_a.jj V] V oIj-aTg L-Ajjjj U - L »" » 
<jj—a- 5>*Lla jj —aj fj~c. (jo f—ijJI « Jao jL jLill jj-i I—* lj] ^LLI 
ylj J_a_>II Jj^ajj ^1 * lull grL-oAji (jC i pj jLill SjIja ikul^jj . ^I*_ > <l».A 1 i 
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CjI— al_^JI X O a I I Jjj—( «_ij—t. )j t nj -i ,^11 Qj— UI Jaj ^1—a.j 

• ' 1 i^j 

A ttuLil) 6 jIj^ J kfl JL a 4jLi *1 it i ilrJI ^LuOkVl 

*Uii.i O^LcL&lll jj wVO 1.11 CiJLaIauI j >1 n 

4anjJ Jirtt 4 In <ti ^xam^VI jlx jl ■% il >tijA < llA <kdwJI 

4anjJ jj Ijm i mVIj ^ «ii I jLajI ^laJU I'Jhi-Sj <L|ldO IajJ V , A* 

SjIaI j li&i Ulc. Sjl^ CjLa>jJ |jlc j/'fc-kll j^ajj .L^Ia T,T♦ * Sjl^pi 

. r LVl frjjb ( Sjxuai 

lj ■ I III jil i—Ltfjll jj—lallj 4_j]l_*ll SjljaJI CilajJ j_u La ^taJI ^_Ltlj 

Cilajjl OUJU I a l i jl (tTalj 1-ajjjjl iJi^Laj Jal inj j« •■»** ^ill | 

. <JUI jij ■ -oWi 

CiLjJ yi j j i r>n ^jll 6. I ‘LA^JlI I Sjltl gCII juxi i^JjLllI l J a > kl I ^Jflj 

^Ijaluil jLuuVI ^ - la. i i4jaj )bll j> irt«ll ^ja jSa-o Ciij <al Xu . LlbJI Sjl^aJI 

. (jjl&ll j| iaa jjjaJ <j1oa 1I tilt fjij tCiLoLall ja jjUl (jljjall 

V-*-S ^LL .u i'hSj (£<ill gl-ajft. It < jay j—II <« t mil jjLull ,la| J^a—ajll jl£ 

4_a.jj t j lt aa jjJ-taxJLilj c jaLlAj]I ,*h$j £/-a. ^ij ,<LjL*]l Sjlj_»JI oLajJ ^ 

jl j i<•>*»! ia>j^ . Lalaa <aaljj j jaji <lj j-4iu Lai^aa 4iU 4 jjLjlII Sjlj-aJI 
YYV, 0 ^—A (jrtl irtjll jl f mil ia>jj I till i<L^la <ajj YY\ , \ j . t.» all 

• *J>U <aajJ 

N , -ITj L)La <a.jj , A : <Jlc ^l^ucajl i^lajj j-I^ -Hj aaAjllj <idillj 
£**»■ Obi iX^" 1 • Jljjll (X^ <aajj ' . * AVj iajia <a.jj 

. Ljaa <ajj \ , oY0 Sjlja. <a>jj Jac VI jJ irtM V tiu.t <Laajill jjltll 

^aJI (jJIaJLIj .<aiill jjLtlL < aatl Till I til mi ijjSllI _)l j miVI ola>j4) 

!jljail CiLjJ (ja Jil ijlja CilajJ Jac j| «nu | slloys itjLuJI J 1 1 . ». ^jaa 
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5jl* Ju J jJ 'J I ^Ijaluil f' U. i_nnJI Ij^Jj <4 iflilI JjIjlU I tj*>r ^^iilI 

JUS ijjli LAjj^Ij < Ijl <fi*i*tl (jjlxJU jjSl <j| jj* |kCjli i (jjLaJ .1 jt 


. .liu Ja. 


( ^ ,jjS]i <Siim jij J bronze jjjjJI » ..I , t»Jlj ^-05 

iillc. <La.jJ oLfl o •*-*-“ lijl ‘ ?• • 3 ^ if* <_>a*J if* 

JUJaJI jli <ulj . 4 -k I i..yij oljjVl ^iirt yi mi <4^Lall ^ 

oil^J . 4lu> ^^ill jj^I JJLJ . j \ 1 • • 4lu> ^]l^ILk. •L^a.Li 6j^aj j|</>ii 
Jlj 1 ul mi- kVI jljjj lijijj Lu j *Sl cJU. ftjlja CiiajJ ^11 4-a.L=k. J(li 

. jjijS ^kjl ^LiVt.1.1 

.LijjjJLI (jjLall <>« L* J I m u* uj « «a l JJ. A .all J I ~ »~i <J^>ia tj-aj ji-aj 
aluminum silicate ^j-iLa^lVl ■-•1C.I.... ■ ->11 ^ 4_i^^ ciLS^« jg ■ 

magnesium silicate _..■■*. j 11 --•!<.!_■ -j calcium silicate -j ■ ...H<H --K.I. ...j 

. Ljli ta>jJ Y , • • • £yt iijljai 4ajJ jit 

*jlj oLijj ** * j| ,a ‘“ jjLu ciLw4pSI 1 4 u j ~kl l jj *11 1^1 Ol kXxi 

X, \ 0 • Sjl^ <Ajj jit jj i/>ii ( jjli (jjli j 1 air J Hafnium |>jjii |JLi ■ ^itl 
^jj * * <ajj X, To • Sjf^ 4_a^)j jit ruthenium »j **Ajll j^-uujj 4-ij \ a 4_a^_)j 


-i —““iy « « *1—^j-J Y, i V 


iridium 




.VI 


■'■ < * Ijt I j ^ jrt ijj « 4 jj * « <A.jj X, £*\A Sjlj^. Cajj jit niobium ^jjjjill 
tantalum ^JLiiLill Ljla 4-a.jj X,*\\ • Sjlj_a. <a.jj jit molybdenum 

OS- ^^-ujiVl j| 1 a ijj <aijj V , • • • <L)lo <a)J Y , W\ 6jlj» 4a.jJ Jit 

<t>jj jit rhenium <aijj <-ij .-o ia.jj V, • • • ijl^a o.jj jit mlum 

. Sjlj <- Cajj jittungsten %i~ill j j »aijj < i j Cajj T , \A* Sjlja 

• <a»jj T.t\. 

■ *1 1 '-I J—kI Jlj! J t > »jj >(jjl ) tl JS j^a ^itl ji | 1 / 1 i.l Ca»jj <j >«11 ^. illj 

4-JU1I I CilajJ fjU -1 1 4 41 lil mil pj iAII oV j iaj cLilS ttljaxul 
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i argon (jj—ajVl (J?La jl-JLi {/,—■ u ^.ITill Jal—=*-J jjl ^Jc. ) (J-a<xi| a 5j ai.t.J.1 

. JcUli V 

jL^qjI CjLajJ IjJ LkuI I *■ Jj jjjl »l l I i u. il |^il^ *^‘ tf iiILlA^ 

car- ,j qj j^lI in~ijj iyla Y,Y.. ‘La-jJ jic. jo ■ -~*«> Boron ,‘nn -JLi 

fi 

jjc | JjLui ^i| Ujl^uul ^ 6 ^uiLu jI& ^Jl 4iL^II 6jUU J^ajj J bon 
a ^ (jaJ /~t v j^lLi .iy-J-j <La.jJ Y , 0 • • Jja t^ia II ,jaU (jic.1 ajlj-a. <L^._jJ 

. Sjl^a. .lie. Iiliii (JJaj j^oliall 


Oil 3 pi i^^-a JjjjC’il a /.I ■ /» 4jLljJa4 <1 ah A. t I ^ i^ 1 *i <11 Oiljj I »jj 

On 11 ilj A l*i 11 *ii oLkla. jjaJU ^ill (JjLuiJI i—■... il j .4_ille jl^jhajl 4 ajJ 

Sj3 ilyn ^Lc J£uu jl j u*>il 4-a.jJ ^jJc.1 ^Jc. J I/i-^ IJ ^.4 iM i a OiLl^jj 

Cjj—auuiSVl jl (j^jjSJI jl jjjjJI Jjjs ■UiiUu jjJt aj3 ^jLu£ jbxil <LuiAa 
t o^-La 4ajj Y, Yo • i*"i 1 1 <-=».jj Boron carbide f ‘ia i 1 >ull jl 

.1 j ■ !■ *%Vj Y, oVY jL^uoul 4-a.jJ niobium nitride jjjJklj 

. SjjLa Y, oA. calcium oxide «jj...tl<ll 


<> \ 1 mi I 4_».jJ LjJ I t fjjl I ajjl (ja ^[jlV I ^Jc Oil »^j-a il ml ill Lij&j 

j f i /iij j .4j^jLa 5^jJ Y , 0 • • jjc. JLj> jl ^jLluj CiLjSi^a 4j>la <La.jJ Y, « • • 

Zir- j* M-l ^ i *> l I ilii^ jj irt ij | i^jjla 4ajJ Y , 0 - • a^l^^- 4^jJ Jjc ^j i i j i*il I Jaj 
tantalum car- ^jailiillll iiujS j ^ i/iiij iLjla i&jj Y, ol • jjc conium carbide 
iajj jjc hafnium carbide ^ui^l I j <<Ljka Y, AA» jk. bide 

. i^jla <La.jJ Y , A*\ • Sjl^a. 


JJaj SjLuxpl SjLLI jA « JS C»U Jja Xuj£ (jl jJJJJ 

•J-ajj Y a 3 a 5jlj_aJI Jjj-fj • ijj-jua Y, A*\ • Sjlj^. <La.j a ait < 

. oljlillj JiMl VI 

^1x4 Jilj^JI (jLi ^LijjVI Sjl_^aJI i-=kjJ Oij^iJumI I jl iJLaJI <4UaaJajj 
jltl ijlji ^jj jk ^lii (JIAII Juju < Platinum (joV-jl-i • oJjLc. juajj 
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CiLajJ ijic. | Jl& Lb tit aylj-aJI Ca.jJ Vj Ojju* 4a>jJ i,T«» ^ja ^LjJS 

(j-lij I i>» j iSjjj-o <ajj 0 , X • • ^Ip. ijl^i 4 &jJ Jac. ^iL iSjljjJI 

. <L)li <a.jj 0 , ^ ijlja. <a.jj Sic. gUu&iillj 

tfllja- Jit « >««■> Ti ll JfJjS _>aj ^atLuLilf JS ( _ r li-y 

Q~a~i ijLt jjV J«'itl I JaJI a j-A Sjl^aJI 4ajJ jxLajj .<Ujju» <a.jj "\, • • • 

J£ t • • • ajI j-*- <-?.jS I gtJLw j^Jle. aj-g-Si 

. oljlk Jljll 


f <5jiVl filjall £jiiui £>& 1 jU ? (jijVl Jtkui £>& lliajjt jl t jU 

c) ijVl Jla j4i-AduJI 4 mniitill I *AjiL^ JllA 

jjLL^Ij jjL£j!Sj j-a-ftll liaaLj i j*k f lj-a.Vl <±L£j .(juAaiiJI ^1 JOjVl £ya I_iJ-5| jl 

. ajAyllj JjILc laA 

I CaLluII ya * Jaii Jil 4 At.ill a f jic. yojVl y-ttill jjji 

J»~in yalll J}l yiiLaVl yA y’ltj liAj . yaa i ii ll SjJkyJlj JjUaC y« JS UjJJa 
yj^i y I fjll £-A^-IJ JAj lyiuull yt yOjVI Ia.I » J*l ^ill AlLuJll yaiu yaaiall yt 
, yajVl jtlau yk < ^jaall ^JbiiakuJI ayl^ail 4ajJ yuii yalll 

d ij -ki AjIj—aJI (y—lc JiiLajj Ifj J k - _i -kj uj^Lc. ij dlj £—oj 

SA.J* Vj . i-i^Lc. Jjjj-J ,ji£ jl La-C. IjjL (JULtl jjjSj Vj IjLa. jLflil jjikJ V 

CayJ ya ylcl ^j m S ljj,> ik 4—a.ljj CLi ijliij ‘-faLi j-aUL 

. VA , 0 JS tyj (Jim 1 all yajll 'V ia ■*“■*■ I a Lai I^ L--.ll 

Okaj tjlil ya_aull Jj-a. OljjJ jjx j ni JS yi 4 jm... a ijll SjljaJI I irtjta Jlij) 
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\ • • ja ^Lui ^Jc, Sjlj^ll Cil^jj jl ^ ^ i nllj 

(jAjVl It 4 ii ^Jt 4 * flt <l| JjA <ljXA 4^.jJ i • -i ^Jc.| <iljJjL4ll Jjft 


. (jUAdLull AjIjAi ^ 1.-^* 


41 ml it <_jj-fll OjtjJ iJ^La.J ijuAgJull Jl ^JjUl ujil Jjllafi. 

jt Jj^i V 4_aLua^A fjAj jt i*\ !***,*•• jt JLJ> V iiLuidA jJt 

Jj jbj lJ>Lc JjlLu J&JJ V (dlj JA ^> 5 SVlj .^jilftiiill j£ o^jVl j*j »> • ,T 
ito ^ 11 ^ JjUaL jlLlu SjIja <ajj ^boAl Jhqjj . IJ^, 4 \ >L« Sj^aj 

^ ) JjU®*- tr^ ^1 clllA jli ^li . ii^lo 

jjJ uj-fif Jtc i flltli juft 4i«l <Ll£ll j^jLli Ij J ‘-^ ‘I JJ USA 4la 

• JlUdLull JjUaaJ 


6 )l • 


*b»jJ ^kl JjUat jJajLy <ajJ Cimjli (Jlj ja jk£jll ^kj 

. 4fcjnaiull 4 lj a ^-^lI jj^ (Ju 


Jj>6 T, t j JJU| ^UJUJ |jiin ifill jc \ * A, •**,*•* 6^Ajfl _* * 

i ii ft ^lijl ii^Lj L^jI £jj* jii.r jll ^k j ijilajuJI jjL JjUqc I * * ^ill ^.aL^'iU 
d»U i c (£$**’ l^J <dlj ^ ju4iiill ^jVl 

J » > J La jjftj ( 6j—a ^ • j Vn aJI fc-i^LjJI ^a 3_ilAi J 

4j^Li ju^*,» ullu u^4,u 4&ik LuAil L^Jj . jLuiIa j^*» ^k SjlJ—aJI 

^Jjli i <_jLlujVI 6jJk J9j .6jJhjll jlLlu ^1 <> I^aIajj 4jlluI ^LjI 

jjkui Sja. JaI < j ^L i.i l l OjIja jl j£^il J4J — I Jim*! iJiViAa SjJbjtl jJaui jl 


. JjLIat 

a \ i n^ l ^6 ^ 6j_JhjiI aJI ki^Ldl ^ /V ^j^ li !tdla^ jiJ jaVI 

Vf 4 i i III I ait Sjl^aJI 3-^.jj o 11 * 1 "^ Sjb-** j SaULI jj^jlSlI 

^Ll piJ£ ^4 S^Ajll CijkkiuJI Sjl^JI < iillal . 4_JbJI 

li-tul (ji Jjllat 5 jI>a. <AjJ o-“ Cflc-i ‘ i 0 • ^Ij-a. jl IjL^j 

tW» J**£ JjUat ^kui ^Je < i_m n ^|L Jjjj < tillj ^ jj^Vlj . CVU 
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<Jjl» <i III JiA Sj i a^A^lI ^kui LtUi Ol jjjj jLi J-illI 

. cJLu^ll ^jaJI 1J6UJI Sjlj^JI 

Lu jjJc. 1 ij.iiU ui <atjj <LaJjJ (jl i_i>j JaAA J^.Ij jii.n 

^ . o < n it u£Lgj£ll jAj i «lit~i a Ciljis ^Jc. ^iLjj| Jja j»jc._)JI ^ic. - SjJbjll a. Ijj 

J&i\\4k uj^Ij j|u^ Lb^Ial Juaj j i i/tll i> <JjS jAj * Icarus 

jjjjj . \ S fc A Ajuuu ^ \SS» — \ AST j Walter Baade j-u j-JIj ^jULVl 

j)-o A! «Li> L i.ij a jjfi. 6JJU J^iAi ^ 4 <uu \ , N Y 6^-a (jiifl <till 

JjLUaI ^yOj| A-flliii.o ‘ ^■ -'"»** ^UJla ^Ikllj « JaAA j»jl< TA, 0* • , • ♦ • ^*^^1 

• iJUAmJI ^0 

jjI ' ,J>W » 4. A^ShjJj ^)n jt> luilf ^jjuJ^L^jI ^tlmu j\C. <A-Jl-fl ■*!■** V Luj 

In 111 .vVn *kj .<JJU ,A SO • J i/\i 6jljJ* )J3Vl Jc 6j-JLflt 1 m 

fj — I lr*>i. ui Ic.IjLjuuI ^iitn AjI 4aj)l^ 4 ^jJj L&^Lui ^iij^I^j| 

LflJj j-^1 *MJ .(i^-feUI jjtm i.y It j_uL gJb^ll J Jl iJ <j| p^jO- 11 jjSLal Ijj ) 

. dull red-heat Sj-al^ll pljAaJI ijljaJI A&jjl ^g ^rlnig 

< ^jgjjliij cjj- 41 A-a.jJa pi ji J a j£a> (!►* u j* 1 

jl3-0 jyt 6 jLxc oLjIII ol JJjJ a j *^ll 6jLt jl Loj 

ujiiu Ljlfj . j-# JjS L^_» J *l jLaII ^ d j^ft 

IjJb J-oAjj 1 pI mvJlj jLill ^^Itajjj A_taJ£lI 6jltl jA« t jnui 1 ^jalajuuH jj-a oLiall 

jl 5 jIjA A_^.jJ ^Jl I j **iiT> ujjll 6i-ilni ia Pj-itii Jc j n Vill 

ja 4xiji 4 iLii« Jjc uVu ^1 <ajj jji Jlj j^ltj • uli^H cilj IJ l(| l*i"n 

• AajLu I^ianill 

ja 6J Jl S C&jJj (j q^ll Qu uj Ml LlAjI illloA Jj ^4 jl U>jJ 

. ^auii l+il 4 a,jjI ^iamiII 

j^*^j . Lf^lj ^uajliiH <4 llu ft 1 till 4 x.j n nJLI |k^ jxufl ^>La| (in ini IjJj 
a,v<^i liij < 11 f 1« ■* j <tj iL Jj-o ^11 n 1 till jtkai ijlj^ <ajJ .Uliu 
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— NATo J Josef Stefsn jLiudu ^jLuuull NAV^ <iu yi 

. ( \A\X 

<a.jj 0,0 • • (ylljA, Sjl^a. 4a«jJ jjc. LfjljaJ j tkto jyi <(jua-ull ^-lomi JJiy 

|*j ‘II ~*J ~Hj (j*--- |k^ujll jLJc tJali ji Jil liLti SjIj^aJI . L^ju 
L|I a ia^i jl < <Lljua jjjl i n i VI iaji V jl_jJU 6 JA (j I Jjj . JLuaIiII 
Oj-ffej ,jLSL« (ji <UiL£ < J OJ—(j-i ($1 (JpUaVI 

I *\ Uni j I, ill jii« itJI ^tluu (jl yt « (jjj « lil.ti tJli-A jiulj .(JjL-iii 6 ina yl 

p 

. ^iijjlni Lijlj. 


Lj_iJ 11 « 11 (jil « i til I ^JLjui ylc (jSLal J^-aj (j-a jkCjJI jyJc. jiriA irt Ijij 

,y!Lk I j ft j & jkJJ fJ (jjJI ) -UlUl dj jTrJ I (j A«i (JiLsL (j-o oljLill 

^i.y I V 6JjLJI oljLill 6J A . jufl —i hII ^yiii it^iatl (Jl *> II ja .pi n ■*»* ^ ^ (jVI 

(jl j^uj .illji <xii& yjg <jSlj Jj-i~l Ijl < ^Lc J^'"‘ CuJuJI (^iaLllI (Jj-« SjL 
(jJlj_a. (jjj sunspots < linn Ml II ^5 ill 6 ii j£j_o jjg SjIj^aJI jaiiui 
j^iiifrlI JUjj£j jajl-tllilil I Jjjj£ Jki iJjiy < (_ij|^Ja]| liLt ytj .Ljli 4 a jj T , Vo * 

(yj ^J-A£> V ^UftlL. jyjJlj < <lj mn iti 4a Si 4 jI (yi 4afl£ oil n^J Pjy-ii Lj in J-aj (jj J 


, dil.A I 

oLc.VjjI J+& <\ i ii fi i till fi ill 4 ^ ^ ^ii .4 t4>» a i till ^JLJI JlLbj 

(_j-o JiAi 6jl JJa_i 4aLLJI jj-ft OjL^J oIjLs^AjI ^Jbj < jL^AjVI ilLut'j 4 ■«.. a .» 


4jil^ ^Lal ^l.ion 4 ^j*1j £-oJj oLcVjjVI 6 J-Aj .<X.LuJI Jj-a La ^jJI ^jIjj 

. 4 ^L 4 a.juAi.nlI ^lLui ja 4 j^jjj jj^I l^iV juoj.nlI 


L*ljj (jl (jioJ (jjil f(>AiJI (j-» ( ^nhal l 4-uJUll (jl $ (£>aVI fijAiJI (je. IjLaj 
^iJ-a-1 yi (jn o . t< 11 (^i yi &j g aV I <kjuil^i jl Sjj-ail (jtailj L-nl pi n mil yi 

f lkT. L 11 i l j u . (jl*jj (yi ^ a~. yij. main-sequence stars 4i .mij 4JIjJLa 

SjL«£ ^iaJuui {fjll A_>-iA_jll (jta»j(jXL^J 1 CiLul ^Ajl l_jlii (j-ajlI (j-a 4LjJa ijlil 

, <iLtail <_JlaJI {C<» ill ^LijiVI ^(a 
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jk^a-Jlj . juAuil ^_ya Sjl^pi jninall ^yu Calaj^ _>a^Vl 

Cll^jJ J i rt I fl fl i 4jJ *k H I J 1^1 t_ULuJI i^lljl 4jjuuijll <-JI^ZiLI 4 rtl -w .A 

. 4j^i-o <a»jj £.,••• <ii<.L...II 


klihH jlalidl 

i 4 -i 9I— ft 111 1 1 ^ Ij I ^jkui ^Jc 6_) IjaJ I Ci La.jJ V t jV I '*■ 1 *. * * 

jjSI ^ pjja. <_i-kln j- .il ! SjljaJI <a-j-)j Cx 3 ^ U* J *" 11 *. 1 

. 6Jjji <jlja.l jjSl jjSi CiVLaJI JjJaII 

Iji.i 1 (g v ail c&UlII jjic.V cjll < Vil I «K .(jAjVl JL 51 I Jj 1 111 j^ic. >i_a. 

^Kll 6jl_>-aJI ^jajt (jAi-aj-jj ^»all kJ&UJI <ilji^ jaiajj < ■ jikui 

. (gy all i_&Lail 

yi jo I a -> *11 iiLSJI y< jol .i -L'iVI _^ULu jjl /c m -uttll j* jujli iiillj £_oj 
^jlall jaliail j< jj£| <ajjj <Lilj£JI Lj-ifl jaiaii JjUI'wi iJI'ifl t i<jj^ll Sjljall 
oljjiL iXa^i Jlji V t < iKII Sjl^^jall jaL&ail jb yU <j| yla 

• i>> Jfjll 

^all ki^LiJI <ajj jiJLau . ^ U. .ill , ^ y J Ijjjj \o • ylaj 

Jiljli .Ilia 1 jaliaiVI yi j n*i 1 n~ij <ila^ll joiail ^LjjjVI Ijjb »> tr^' cr® 
I nail yjuiilli yjllj J < jKII 6jl_j-aJI yi jkLtauL CiLluj-aJlj oljjll ^1 j ml 

• ( * 4c_^ j-uj jjua! <jSklj 

j< 4Liiall J2JI Sjlja <_a.jJ ^euaj ijlajL^ T> • ^Lijjl ^yJI Jiai I alifcj 

jcljoall CiLj-ia £iJaj jjl jLu i_ii mil <^L< <ajJ N , 0 * • ^yajll pl^JI 

• (• ‘LajJ T • , • • • jylJ J-naj <utaaj Sjlja. <LajJ 

jyiii <j j4- ■ ..1 1 Jjji <a.j-) ^ylc. (^ylc-Vl (5» aJ! ci^Lill jjl ^ LaS jJjj 1.1*j 

6jj J£ Sjl^a. SJjuu jjl SjljcJI <a.jj yj«^ j . j- 51^11 jyi t _ i S_ii-k ,j*ul tJlj ,j 5 kl < Jj-laJI 
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< iKII 6jlja]l ■* jjf oljill (ja Ijai )Lll Ijjc JliA (jl jj L i <illc Ljji 

oljj JjLE jjJc-Vl (gy aJI <_£l*Il> pLalll <Tnflm jl jjjay . Ij& jAt->*'« 

4 \ j S i ntI ^J| I—fljji <lj ft i11 6jl_>=JI (jl (jl -fc (Join JJc. I j*n> (jiJj < Ij-a. <Ii»ti*i 


Xlt i i Ira 6 tall ^JLa. 4 mfl l ff^i.ull ttiJ 

cijiii^ pIjjI VI 6jlcr V (£jll t corona 4 -LlK| ^jiinifill ^JcVl ££$jaJI ei^UJLi 

<a>jj \ * ^11 JiKVI <A,jj ^ialjLLij . total eclipse 

Bengt ^IjjI ^£1aI I \ ^ 1Y 4lui d i .* »^l ^j|| ^Jl **113 

■ Jf^V* t> irtjlll ^IxJuVI 4juJa(jd (-\^.“\) Edlen 


^jAslJI | fl lAt ll <Xl-ullLj j-\ A4j| <UuLflJI ^.J'Tfclll J-Jl^l jj| <J * I..-H 

.^LA <A.jJ \ • SjljAi J 1 ^ 1 

Cjlj {^lalxdO Iftj fl Pjll utni^i Jjl ^e-la-uj JLa^jVI V 

4 «nj t Pj^ill (£Jj£ Jtlaj-ull Jfli itl ^11 (JLfljjVLfl * <JUU j* 4-a^J 


t $J*\ *>• 


jjulj Ou t ^ jl I jLillj jLill LI ■% in 4 jjuujwII Lj /.■vil cuj£ 

f LllLa. <Ljc ^ 11 * * I a t 0 4 ll I aV I 4 > Ia. . nH « U« A y 1 j m i l A jj l *S- A 

j; 

I j ju t>> 1 £_o Ci» ft'Tfc’i SjLU ^ ^ Ufl 4liA ^lc pLajVl Oa^oJjl 6jlll ^ I iAm.i Jjl 

. LJL*. £jljSllj cjSIj^II 


<ajliajJIj>^ O jfl ><> ilj 6 jLLI CmjL^j Cj\ Laj <i(Ja 4 jluu 1I 6jLLI COxuJ^lj 

^fclj-^Vlj (j^»jVl oIJjj (jlj L^j^aJI L2lia cJ$-^ (^La. (( jA* i ll I fl < A . « » 1 

(^UfaXl 4 ^lh LaLai 4 * ^ 1 1 it 4j_l 4 ^Jc, j *.a ■»». 1 1 i*.|j (5>iVl 

. I'l-fcLu Jla I fl*ni ^rtii.tfll 
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4-iahjL^JI 6jjUI CtUitJI gU^lL 6 jIaI ll^Lu (J^ljll JJaj 

JIjll j^a Sjlj^JI uLxuall (lit tflj J i.a Oljjll 

oljUl Jkj^j 6x^1 t LijL^j . Li t *111 6J i I <r> ( jin it ^jL^tl gL.iA ill ^]| 
samarium ^jj^LLJIj ^umIjjjII ^ ^I^jI ^ajuj ^ OuJuil 

if —J&f 6j 1 l£ ■** *1 — LijlliAil >U f■ 6jlj^ 

(jfijVl Jla < oXjluII iltftilj * ajjjLdll 6 jjJLuJI Cil i 4jjIji 4 ^laL£ 

1 I'LLfaii Jljj Vj « i,*l**,*•*,*•* JljJa ^Jj ^jJI 1 j. .^jjLi J^Lah I "i ^ I i ii 

m 

■ fujl! l** 3 - 

JS 6J^.Ij 5-a.jJ £*»>» <La»jj ol u^J 

iudjVl Caj J jjI I I jjb JjL <jl ij^tii.11 <j<®j .JLuiV lllcjj LaK Ijla ^U^lj 

■" t l^ji t a"! L&ij tjajV! 4* i.ult * !»■ * ,)a^i 1 ^ <^JcVl 

. Ljla <ajj 1 , • * • 6jlj^JI Ji/i*i t 


<_j-* Ci£i j-^j—° uj-® ‘ 

. ^juftitill jJiui ^lc 


L^l ^a jk£jl! ^ L&lxtl Jj£ ^a j^-»jijVl j£^a JaU jilJ 

p 1 ^^ ^IcVI I I jntj jJ <jSJ * | 4 ic,L^JI jauj i^la <ia.Lu Oi njt 

6 J III (U-L-uJI (Jljlj .!■-,< 1,|1 ^ J^ULl 6jLlL j^kj-a (jLi ( LujJU 

*ri iljlj_ LajJ J- 1 ol^ll ^U^La 6j L 4 JjCII 6^l^-^ll 

• i*kVl 


La^a£-j . LAj| Ljhj£j_A f jA <L1^Lj-u 4 ^jf ^4 j tlnll ^<aj 

4lflUa ^a ^jj£]I j^laj t 4j^&dui jj^l 6 j^ja jl^ 4^1 "h irt jj^I ^j^JI I aK 

^_j|l Sjx^jtl 4 _l_i£j£]| ^I^j_2wV(j . 4iJdBC pLxjI 6j|M^ OlS^aJI 

JJ^VI <-j£Ij£1I IJ-A <ji»jVl j-0 <jt L*j£j-a jji Sjl_^ _A^I UJ^j O* t®>^ cH> 
J_aj^ ^ ^ ! v^IjSJl iXA < 2 >a ini 8 <( » tj I t_ij_*jj t <_)AjVI < 2 >a ( «l..a lA 

• a>*"j u^IjuIj 
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j£>j-« V O'- 3 * ij** ‘ y J-a- (j^| i-jSIjSII *i* (_$j ^ * ~ > t I t_i£j5kj 

4 .%. L... ^j£_ (£j~t itil I j^j-« J-*j J Ls * j lj^ , TVA j-iSt-i c^Jslu> jjt jjijV I 

• ( t_XjV^ cA“ *J-“ ^ ^ jjy L» jAj ) VN , *V. • J^»j 

6Jjji ( JjL | I_ll "l i «l »l l t>a iiLla J*ilL >Aj ) ^ 

I t * * « J ULa I «* ■ ■« * “k ^Jii n >Tll I j£ I J 3 U t 1 < £ _^>JfV I ^Jojuj Jj-O 

lj|_J . ^jVl ljltfl"-L..i yJI <Jt-uVl ^/Vo {£^JLU J.t fljllll Vj ^ HA .* t lf I 

. ‘LC’jjdUJ fclUj ^£.jj S^l^aJI 4 ajJ jli ^j^JLI *7i.t 1 ^lLui JajjjI ja> \'\ I u.ufltl 

OI m i will A \ fl L^Jt^Ltaj ^-ill ^jI^jluII LiiJ a |j 

* <_iLklxll Sjlj-rJI ljZ’ jyfl-t *i oIjjXAj pl <a ^^V U1 la^k^wol ^iJI oliLull 

i* *1 1 ^j^ll ^r.la<.alI ^_ya jJLajI \ ^ \ , • • * <Lfll iuAJ JA i ii| £uyj-ja ^ilj .^^Lo^lII 

Jljj V Lfili _>i£l (jLo-c-l Jjcj ‘ SjLh^ ,j* J*a11j SjljaJJ iajJ 

o£ , * * • ^J| ftjl^^JI 4^»jJ (Jjuxi 4jIJ *1 i7ii, 1 j-$j-o jj-flj .^LajjV! ui a 

jjl Xu . |Jojui 4j^jJ ^Liijl Cii^4 j itif jilj^ (^jjjjs 4-a»jJ 

L£fr& Jiaj I jlj t ^UjiVI pjJ <Ufll£ 4-JLt »t 6JJh Sjl^pJI 

. iojill jk>a-lll (>a ioljS Jj£l (jia- ioLL^all ^_ya u uA J-Aj 

< ^jii.^luII LeXfcj • 6j--o N , • t • J ^^Ljuiulf ju,fl, i.tJlj 

^SSVl ^^ILtiiJLI <JL^. jjJI CuL£ Lu LaJSj-o i yA Sjlj^aJI CjL^.jJ oxijjl 

. yill ^LaJjVI pj_j i JiilL 6jXi^ Sjlj^iJI 4^»jJ C.UL cT\j I J^I . Iji 

. ^icl 6jfr uU 6jljall <bhjj j^UjjVI £ja Qa%i ^lll 6jlJ^JI OXfl jfr 


Arthur jijl ^jj-LauVI ^iUll ^ 1L ",.A <i ^Li^jiti»ll 4_>lx* 

5jlj-aJI ? j ■a.^l J-uLJi J^Lk 4 j-o* Q^ajj Jl £ - NAAY ) Stanley Eddington 
6jlj-aJI ^jl 1 1 j *i juLa. AlLj Caj jlifrjVI (J-Q jua itill k fl *hl Lfrllall 
. 4ufrAA £a»j J No,***,*** I Jj V 

• < JLUUM, JM il *Lfcj flail SjUL 4 hjf)> 11 ~~ - •■ <jjajJLI i jA bjjlJ 

J£ < <jj a ».i jSSl Jljj V Jajj j(>aj jJolla <. i . tn^ l 
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jjjJI jli idlj ^sj . <*jiljill 4 iAll 4 ini tUliall oVLxIl oVLql^VI 

Clin jl 4tKII 4 j| 4_a.jjl J jj art ( 4 U I%\ L$j| ^ ^£,jll J ClljiU ^Ekll 

UJirtl (jl ^.jlru IM1 V Lfl lAtj jfi. JC.LkJJ oljjll jli * Jlj jJt 6J^U.J . 6j l.ji 

L^lutl 4a^UI ^ <kuii l^l Jctiu lalfl-k II ^ ^jSbVl Ulj&| 

. dljj 4 j^jb S j^ iAt 

•^kl 6jlj^ CiUkjJ LilLa. ^uaJI ,i (jl jl^Ai <J>|| ^jOJ 


controlled fusion * ^Lajjl ^Llrf oVjl \<> **)11 a cuK < oLuuuuaJI jlo 

jj-a 6 j I » irt ol t rti i m < (jpjJlJI (diiij .jajVl ifk lift 4 -flllall jJjuXdftl 
# 0 ~ 

cr* ^ a* lt ^ 1 s J*>^ c»La.jj C&jjx ^ 


. (JuAjuJI 


tr* jl^alxutf 4j^la <&jJ ^ 0 ,*•*,•• * Sjlj^ 4-^jJ £gj* 

iadl^j c !l^ 4 Jj Jaii ll^ dsbl-ui Omjl 6jLLI (jV jii n itill 

^k I1 0 fl . jijVl |jk * * <v " j^-oVI jLfl UlXll ^k itall CaJaxll 4-ujLpll 
(jli jlj < Jtj j ti 4-ujLp (Jla—a J^Lsh. OliL JnlflU^VI lajidu V ( c^J^ 1 

jail Sjlj^JI jl jj^Lfl i 4-ilii JaI <IU. JaLuII i 

• JSVI 

4 \ .flliuo (jj i*i ^Ij j 4 ft ILfl 4-ahjJj 4 In itil oljJ ^LjjJ j mi til mj 

Jii ml 4 ftti ^ a 6J ^ ^1 (^-i I ,flJ i 'v *1 ,JjjJq jt (I J-^. 4 jJLc SjIj^x oL^jJ J7 LluV 
p jdua ja 4- a 4Jaiitljj 4lpLfldO SjJjuij Ij " ^ j| < 4 i^nliliMj^ll oVlaJI 

4jj\ a <AjJ 0 * , * • • , • * • ja jli] 6jlj-^ CilpjJ O'V-u < 4AjjJall 6 J fl jj . jj-iill 
pIjj] (J— flj . «>jll 4>tt IX-a> 6j-iA-ua ol^lil j>o Ixa. 

6li-^V ^ fljl CajJj Ouiiij^a jj-t 6jlj_aJI oLpjJ Jlji V i ul lill jlj c| 

hydrogen S ^ ^£&JLI jr LajiVI ?jj jjli < dlj £-«j 

JljL^ *.j i*iI jq Jl Jjjo fission bomb jlU mi> 1 4Lii JjjL jc bombs 
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^1 SjljaJI <ajj |J-~~ jjl jjii < 4 lijajjJaJb 4Lil jij* Lite 

. 6^Ukj 4alaj 6 ji. Ljija 4a>jJ 


^lj£ JjI j^u p^ui jluijVI Lkjaajl ^jll SjljUl Ci!U JAA I jSjhj 

4jJ&j U .IV <itl laia-oja La Jjl yi i ^mniNit l 4 cjaaII yl 4a j»U II 4 j 

. <uuull 11 oljj IaiA d< i.iUl l 

<Lwl^-a 4 jj % 11» 4 -alnm ^jLS 4-al % i rt j i^ l I n a i jl^ 1 ftK 

^ic.1 6jljai 4_ajJ <jal^<All <Llc yi ^ajl ,*ia Sa <jl i±llji 4ajTi ^ipjj . i_t.lftlI 

flaflj tjV fL>aall JS Ja-aa PkiUj ,jit Sj&LfcJ . (j “n i t i l l j£. j-o ^ 

. Lhj^laJ p llil I_tkll J if. A^lj^ jj^l 


^ Jjl Hung-Yee Chiu ja«. ^ 
JUl 


S<—?■J-> £)i J-2j j-Sj— a u* Sjj-a^II .^Lft ll Sjlj-aJI 4_a.jJ 

U Jjaj £i>aa (jl j£au *i-a.j J J>a-u.l (jtj S*! ■ ■> 4a$Iai 4a.jJ 

tjjMftaaiJI jj-a <Lal *a <<■» j-aSl i ii jt ( _^S SjIjjJI 4_a.jJ jj(j .jfcjaaall 

ju-paa (*n ■aj 4al—i — a . a ^Q yi i.r»ll -■ H lj.4 4.a fl Jpaj xi ^jj-II Citjll 

. 4JjL& supernova’ UjjS ^ jlaJL&U laaluui 


j_aJI Jlu V 4aj a.- n 4—a.jJ "V, ••*,••*,••• Sjl^-a. 4ajJ yla-i dlj ^sj 
J^La. Q^ ll jlj-aa ,yILa pl )» U (j^lla laj_c. lia| j_>aj-a_fll .5jlj_aJI 4-a.jjl ^ <<•» flVl 

. big bang ^ihall jUkitfl 

jlij jia-tal (jjSJI |>aa /il^ppl it ll jaSI jajlL Llil I**ILa Ijlj 
jjSlI (ja <- a » S^ j ~ l . o JS jlSj . ( jajil £ax Ljiti Jki ^jllj j jl-'i^'i 4.1 fll U 

4>*-> I nn il l I i lj *% i 1 ftK p pllljl 4aiair4jlkll ^ .XiVJLIf Jj^II yic 

• f Ll>^ Llxaj US i ij 4j^ a .i i jljJj i‘nSll <jl jyjpLj Iii|j ,pI >all 


( ja 4 jU jS^a jit Ijjhj i ~ .> K ^1 | 4-JUI CiL)iullj 

4jjl_ill (ja ljb> jjJU pja yJ Cri^j ylll £»lJaVl p-fl ° ^■L.t .■■*. Lii| ji ■■ 4aI JjLaj 
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jL=k_fl_iVI J ■ 1 <-uLZLII \/\ , * * * JiL ^JLill t ail ^Jcj jL^-AjV) J-JLi 

^-Jh$ A juiLluI CiL u^pi Jj-o Cjjj ^ i J-S Cl I lj Ci Ljjjj^ t -ill (jl j 1 «* i jlII 

o-i-L SjIj—=JI < —a.jj <jl ojV tlj —j _Lll Ah . quarks " ol £jlj£JI 

£T—\ * ^_>Lil 4 a-v *lj^j «L~ j ■■ * I (^jj_5VI <Ja^iIlj 

A k ^ 111 6 jJb ^_fl 6jlj_=JI A _Ci I ^ ft 

&Lo ) <j>Lo <a.jJ \ • * , * * *, f • * * 

. ( Ljlft <a.jj CLSftP uvkp a5f^* 

iJa-tm ~k jjLfl ^ iU • M j| ■% <"iV 1 <L*_=J £y* LI jhl I *-*. i . LftJ^j 

fi 

■ Jl** Jl <a.jj t^-Al ‘ 
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AjjSjSII ^jkyJl 

L^i ‘ JLS-^»iII ii>*j Sjl^a. CiLa.jJ ^yJj liLaj (jl Jjj 

,jl (jiaj (_£Xo (^1 jjij Jl-mij (_j*»jVl jcJam (jJc Ij i t ulx i ^ill <LtjlaJI 6jl^aJI iT>la.jJ 

? 4jlj JjjJI jal >VI 6 Lai VI jji IlL^aj g±a tfl jyljj $ Jn&j 

pLuaII IjjLt Li utli 4 oi|^jjujVI J*| | I t t 11 i jijjl ^ju Lll I 4^l^j 

CiLajJ jjl ,*)«Ja-i j Sjj oLcliSjl (jJc jl JLa-JuIl ^ Jnl'in ^ ^j j it i j tj Ijjj 

f_yi I J 511 -k u |<1LJI ilLti ■ j* 4—U >1 On ll (_<; fr ill j i ■ »ll Ct.il 6jlj_ail 

^frlll jt irfBlII 4 AijJ Jlf . .1 fll M plili .4dJLJI jvbjVl yll Celsius ^<uij I i nil nil 
, ^ ^IupJI ct. i l J LfLu ^‘hSj JI u ^i cllj jjn jjj| lj < Jlj 

J 111 illljlj < *—fl VY 4—a.jJ J ‘i c. pi—ll J o -ll <Ja£j u~ * J \j d jul .J fill 

JjIaj <tli^->^j j YY <cul£ Uj . .ui Jl Jim| <jlt^t^A <a.jj YY J Lta>_frs jvi^ll 
\A— Lt-jjjLi JjLflj all _ )8 mi l 4_a.jJ (jLfl < d ■ ...j. ...I... <a.jJ V\ V/^ 

^iIajI ^Jl pI ntjl j»tL Itjib iiii « <JLJI jvLljVl I *i*i *1 ■ *1^« fiAj . 4jjl 

■ Llul ^It^j^ill f_fu hill <JLm 

^tfr—i J^jI N\YI 4lu> j_ilj—U \ jiiikll i.uK n Ji iii i JLHI Ji i iii jjJcj 
I ( j. i m il C . I - TkY «L j \ » ) Y1 ^Jl 6jlj—ail 4-ajJ ‘Lfri plmj ill ifrtfrjJi l jj 
i j n **» (j*j « fJL*il ^ Jjil jjtl iJj_frjfr-u j i ~i «~ Vj i i_i No JjLij ^—4j 
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Sjj-L- 0 ) YT, V iJS| Jjij tiljJJJjjj J~i-i.u-<.u qLuoj < j>.j_JI ijlj 


. C 

(j'JUjVlj iuLojll oLiVjll J^LaVl u* <Xa>-uiA JSl Cu l^j 

0 

< jI LjjAa o*\ , o ^Jh llLLl^a 4-iV^j Rogers Pass i ^L» Sj^LaJLlI 

K ■ 11 V | 5j Ij-aJ I Ul9^J U I UI (j,-* *jl^l I <>°J • ^ ^ 0 1 jjlij T * ^ 

fi 

iJj_j—^ O^j—uuj^J Jj-fi Sjlj—a. 4_a.jJ olT i in iiu—Sk. < lillj [— 1 . 0 1 L T.*il j_j_£| 

t p 

jjLu YY (J _i ,j£_uall coa <4j_la Y1 , K.Vl ^ Prospect Creek Camp (_»_«!£ 

. \W\ 

4-a.jJ d 4-r>j xij < JjjI r^JLsJt jLlla Jjj I HjluVI jxvju *i LojIj 

^J] Ljjullui ^ Oymyakon u^Lcujb Verkhoyansk ^ Sjl^=JI 

. MTV "\ Ujql 6^-o ^_a.| CuL£j tjfl </>ll <J^xa *\A 

* # 

. ^IL&mII 1 g>La*jJ IlujLia LoJj I<1a 

^j-o ^j^joJI i a.^**ll Antarctica J ^aiji.vli a \ tUall SjLiil £-Sj 

juaUI Xua^4 ^^Lu^uJI jUAU ab^ij . ,JLJI jiMJj <^AjVl 6jSHI 

^Ajjj ljuJI liltjlj »4jji 4&laxo Jxtl jukLi ^lll < VOStok iftku ^A 

^jljJJJU jukuiClj fj^JW 4lui I Y1 . SJaiVl i't^3 (jl 

s . # 

4jj1a AA SjIjJI cJ^>J ( SjSJI >,.fl irfVl n i Jjj| 

. ^tkjm ^Jc, <Jl2j L| Q.l^m Lftilla 64 a.jJ Jjj| jJJIi 

' l, .‘ ^ La£j # I*• L* ..«! j| (^JLuJI 6jl^l oLa.jJ jl JjAflVl 

jjJuj^ol * *|j * ^.iii jjLj jlll cLjuuII 4 i jai ^AJ . iljuJxuiil jl 

L ^ K «J^r^ Jj_juu jjLalli oljLjJI ji ( \V* o - MIT ) GuiNaume Amotons 
<iAftVu 6jljA. <La*jJ ^il IffiAft Jjl^u Jjl ^jUlb J^UaljujIj f Sjl^aJI <a.jJ CmAAVi I 
j»I aCWI ^a jlitl jjuujI Ijj 4 jI u*na ^a I <ll^J Ijli* 1 j* 

) Y1 • LJUk. 4joauj La ^jAj LjjjSH < jjirt Jjil Ji<^j i—^h~i>a 

. *jIjjb iLtu LlViuil . jfeakll < 
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— ry, ^in \j oil ^jJil i o ^11 j[j—£ < \A* X 4jum fl <JJj £-oj 

^>55! 6^jLa^ (\Ao * - WVV) Joseph Louis Gay-Lussac 
XV • 4^»jJ jlc, j a.vfc ^Jj l(| li^jj JjJLftJ ^j t i 11 Ci IJ till J)l J-at££ <5j 

4j fl—* A XW , \ 0 v * tf L^iui d i -ILaJI d * tall ,iy* < jLuJI 4 j^1a 

* <Zx^j 

^fli \Ti$ jfl ^ ^^"hll ^]l jJjlaIL oljLiJI J ■ AS <jl pjil V i(JL=JI <AJ-ilcuj 
*La.jj t jAi ~t u I i .Sjlj-a. *La.jj £^1 jjc. jl < j a <^~» H c.-^~ 4 jj1jo YVT, \ o jjc. 
^ Ciljl-lll Juiij jl ^jll 1 (| <<■» »i CjLuj -vl l jl Cilj^tl uj-iAi AjIj^aJI 

4-iiila 4_a.jJj (JjLuJI u 7.n^nj CjLjjj-aJI jl olj.ilI (jua^Lu <Ofijll lilli 1 ^L^ill 
4a.jJ (jl jJ-uj « JijJI uLjj j flip jjl V yjlj ■ JA^I JjJ LaJ£ In fttt 

. aJ jini (jAlai.jVI jn~iiiij (j| j^»< SjljaJI 

(jj.cu.aj U jkLJjj ^g, >~il7\ ci V l gc-cajl MIA 4icu ^ *(£>i.l <4-aj (j-j 

jjjJ cjaL 4il—j—a. j—lljl ^ cjil ^ill ( N A • V - MY i ) William Thomson 
42 LU V jd oljLt oil£ t (j-cu jljll otijja. jl olji (jl < Lord Kelvin j»K 
6 i»La Ij-A »A*ij <oljLi-tl .SjljaJI <L^jJ jn in i~l Lajic OjIj JjAjftj <£ja. 
jj Ilf . jl.^ 1 1 jA 4-fllUI . 1 ft fl jL£ ,\ ft ft . ^1 1 iti IL jli <j^l CuL i j»I Ail 

j ^ - »J Vj < jl—ya ^11 < ft Uni I ^gj. ‘imi Jcrti jjLjlaII ■*■•>.* <Ljla YVY , N 0 Sjljj*. 
£oA ,TV— Jj—ftlii (jjll Ajlj^ll ^.jJ oili • lillj (ja jj£| SjljaJI <a.jj ■* jl 

. absolute zero'jlki I jlualf <a.jj ^jb a 1 a (t_a ) 

(_j^l) .<JLcu jcjfl ll 4aft (jj^i V Ajlj^ll <a.jjl (jIUn (juLkla - ■■..■M tllli^j 

Aalj^tl yll YVY l ft j i A i (jl I, .■J . ifl t ( jllifl jul i ft a (^J| ^ * «j .. ..I. ..II (juLiftll Jju 

. ^ 4-JjjlaJI CilOlftll Jap La LJllj J ft .■■■J....I...II -■ 

9 9 

l*% j-*j* 1 *d ' jcJ-caa n TV (jLcuiVI |> *ma ij I j -a ft < Ij^Aj 

• • 

. J Y1V ijjla YT— <iljjjjfj iuil olncJU Sjlj-a. La.jJ JftLft .JaILj .jiK 
. til NAo 'j* Kj~KjLu| idjJjuijS yl ijljall <ajjl <laxua <lillft igjft ^ojlj 
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3_JLjJuV 4 -v UiM pj-aJI I J-Sk IjLa. inj ^jJI j-A_a1I 

t (J^lll Jla lil Jilii I ftJjiC SjIjjJI ^0 (ju^jui L^IlxiI ^jiia itill 

JJ 6 jpA ^cJajuu ^lc 4\k* a 4iaii Jialij .Sjl^aJI jiu&j Ji^U iajj V tiua 

Ja| 6^uiLu ^akAll J L « a y**l\ ^LibOJ -_■ * 1 “tI « (jUjJi4if Jljia 

. 1£j 3£jlliVl ^tkui ^Ifi. Aji^^JI ^0 IjJjS [jxtlf J t l»" yjll € td \ * • 

cr^“ <U u-° (jAfcOjill ^ 1 ] 1 ^ V*J^ X J 

Cifj-« '*> “• J 3 —la| ^Lil 4^*. Ijj * jL^tl pLajI l^jj^ ^lcl Sjlja. CiLajJ ^ “fclriMi 

(JA 4iji JA ^11 ^Jc. J3| Ojlj-i Ijlj <j a flll C^Ijj La 

(jl l£-*-h < JjLLt jfi I Jl 9-® jj-tij jjt J I I 0J . ^jttAJuJl 

. J V ^ickui ^Jfi, 6^)fjaJI 4 ajJ 

^ * 4jIjJB JIoj JJ « juAdJJI jfi. ^AjVl ^yt IjJU jjS | j l~l * J ill . 

. JjUbCj jx-aJI 4 irti^ <11 6jl_^aJI Cila>jJ Ji^lxi V j_^ajV! Jjlal Jjlij 

(>> JjjI ■ *illj i>- Lai-J JJ-* yjllj « *il NY • jtjjll jjj Sjl>=>. 4^._>J Jj»l OLJ^j LoJjJ 

, ^<LijjiaJI 4nUill Sjlill J IliiSijIliVl 

, I 4 ..Lttll 4*.\ il*vM jl^lVl i j I *fl" ■ ■■ * £ij^aJi 6 Ji 4 * Afl^ fc JLI Sjl^aJI 4a.jJ 

U& Sjljo* CtLa._)J J fllVi ^gj l * ii<ill Ly J_)-a (Ja*j (jjll >- i~> “i ll <SjJo 

iku^Lt CiLaiji^ jSklj < jAl %‘u jjJjul J > ^Jt_}-£ Cuajl * 4 ft In'll I v±ll_a jdU 

. <JS 

U£ 4 SjI^a olatjJ ^j n ft t ull jji J * i V I o£l> <^ l 4-ujll ^WjUj 

jc 1 hi I nl JJLuj . iiLall Lui ^ji m i t ill ■% ml j^jG j a!^ IJ liii- ** . < £-*Jdkx 

Jij l i'i J»,ijj < jn« itill jt ^jVI Jjlj Jj-o j-* CjUbjl j&jj ^ji m A ll 

61—&tlj ^jll pefiJI jj» N/l • • jit VI , wGl nl J ‘A ^ j V i_uuuJI dltjij . 6j_* 

. (Jim itill j* ftLfttlj ^fjll n-4.il I (ji N/^ • • jlc i*i4u JiAajj ju*jill 

jujiljjl jtlui ijlj-i ciL&jj Jiai ,jl< jjjl 1 4 i^ t iijll j t i j V L*-»j 

. J *\* ‘ *il ^ 
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f ^ lfc 6jlj_ai Cll Aj J J—fi jnn in H L .^ lj^H J tJ I j I J II ^jll 

/*i<.,Stj La i*j| ^ U yj! ^jll 6jlj—o ^y> c^aJI ijlj ^ uJ^-i l-®*^ ‘ id £ • 4a.l-un 


. ^jnn itill jjC 


4JU 

■*•'~-~ d ■« * *1~ 6 itiAt ULiEu 4 iAtt-% ill SjIjaII oLa-jj jjc. 

!• — ) id YYT <^jj Ji*j « Jlill Jj «jh • *L-iLJI jj-r- olj j -*, l ll (jAaj 

. << ili<a SjLa ^J| Jjojjll .JaVii ( 

lillj juj white tin j&ul jjxloS ^uu <LjIjlII 4]j^a jjjjuaAlU < LAi(j 

/ia ^~ll I J ■ ■■ a • I>uj> <GIj j Al.».1 d ■ A a it I Sjlj^JI ClLjJ <j| Jjj . LjjJU l 
Jjjull .iijii jajLa^ LfJ jjlj V i gray tin ^jLoj jjJjAJ ^4dUU 6 jLa 
> . ijlit £-iJj jLjj 6jlj-a. ia.jj (£$aaa O ■ « a -J yjllj ‘ ( 5j_jj-a \Y J J YA"\ yjk 
ylj jojjVI jjj. </i til (jj JULuVI (jjLi 6lt a J I J— aJI CajJ .\\ t <j£l t i* l )» -i»—u 

. iiliil lulni Jlilirtlll 

Jifj •‘ifjjui jl£ (JiI SjljaaJI OjLa t aKa .JJj ^aj 

i*i1 a ^tii ^pUI JJj ni ^axiVI Jl <• ^*atl .".ia11 | 4jjla 0 * —j i±) YYT Ajlja 

j-ij . i±»j -aa LL (jy.ii a. u a IjjLS! j »4 aV tin disese jij i/vill jaja <Jl -Jl a3-4 ^Jc 

jjit i a*»fll 1 ^j-a «L&j lirtll (jcjVl i juL) Ojlfil lajV liijal O I j Olj Lai LI LaJ I c»~> ■ <<*>! 

• tr^JU ^ ,j«ujSll iuljjll^ 

^aiaJil 6jlj»ll Cilajjl ^ l n jJjLj j^lauu <GI ja jaiSl'ia fLJjJI jl£ 
ilL^VI aj-A ilid^vj jjj — <LjLc. <lLa ajlx. cGLS ^III jljJLI ilLtuJ Jac. 

. d «i.Lil ^ 

SJ J '<•> > VI -La^jj V oljLill jj.4 ^gyaJI i_ijL*JI < _1 an _Mjll oljLillj 

• KjjSjIuVI jilar I Sjlja. CuK la) » Jauu Vj ^ta^i <aiuJa 
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jij < OjjUI ji V cJjlc ^Lill ,j a uLift II ^iti'uni i Jlj 

j'W-iaJI IJ—4 jl£ /jlj < *J—fiI 6jlj_ail 4_a>jJ Cul^ Ijl cJjlill Jfc Jj in~i 

lr»» i Al l ,Viii OA IuAjI < dlj J)U . ^auu^Vl J!u oljlc ^.*.1 V 

• <lLu>y I 4 Jnt ■ fc “ v ~■ -•** lajjj jlill Cilli ph ■ *■ i* 1 !i*v 

1 VI jB I rut a oljlill ^ILuij H iLa f JjI 

. ( NA'XV — \V\\ ) Michael Faraday ^jljLa J5LL 

tr® t^JLS ‘ ( *-*J*JLa ) jyi jajII J5Li jjic. 4j$i 4 J-^ I -T i j <jju 1| ^jljU jx. >■%*'..11 
i_A_)Ja jk| Jlj 0*J . j J SII jit jltvi 1^~ 1 J % nil Jj^aj I njlr. SjLb jlall ^Ull 

. <j^uVI 

l_9_jJaJI J^Lju pL a ^ J £j| 4 •%*i*B II ajUtl <J {^jll 4j^_ilVl Uljia £_uO j 

I jlj < jaLull 1 —AjIaJI jjc ^j£(j ^j£| CiLui > J SJ1 gjil . yj j&VI 

CtiLl JjLjII (_A^iaJI .litj . Oilj-jll 4Li ■ X 4 SUll <BjaiVl Jiklj > J SJI juudl 

jj SlI gjj| Jjfjill In* lAlIj Lalljjll Sji^aJ I <ajj JJa . 4jjlja. 4ajJ jaiajj 

. \AYT <1« jjUl b_a>JI Jlj o^. JjLuJI 

^J ji Jj, %«ij . IjiOa I fl.Al jjjj 1 |j .it 1 4 jj V “il I aOA ■*•-- • -~J*J 

6jij-a 4 ajJ alt L$j| <lUt 4_Lail ^uliA jjSLal JjLuJI jjJSJI ^it Jj 

m . i jjJSI jLt pLtj jjjLtl ,ja p^JLI ( j^Vi I j^j. ( <-bj t a Vfc , 0 ) J XT A, o 

. lllllyt jl jSLu^t yi laa. jjL pllu ClLuiV 

• ^ ^ I 4ajJJ oLajJ jrti j al 4jLuJI CtljLlll ^loajLuil 

jli pJbbjj Jlj Ou t»i ■ -~11 J *l»~‘ ^1 La I jli < Li 1 A Cial ClLuii On~t Ijli. jjl (Jb&jjaI 
jt A« 1 11 jl <. 1 ■vj JjLuJI Cillj^t jj I ^Lu IjAj . j % ull IOjj Jj ml I jLill 
^ JjLuJI Jala La Ij^J ,Ua uJuibCb jjl uaj Jljj |kj2 ^SlIj jLaJI jjjSul lJ iA« i 
V Si OiVj ■ jaJI (ja <LilLJI aOt (ja J jlill jjJt Jjbo -all j^j >,A Jjj« o UU^al 
LbJjcj . 4 mil JjLuJI Lj-Jj Jjuajll j^a11 lOiajil ajLLI (ja ubii’bS'i j| Jlj 
. jsuj ,'ti J JJa (fjll pjail Jlj Jjlja <ajj jaiajl jl.'lt < JjLuJI j> jlj 
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iLjk Thilorier jjj^Lu 1.jd|.^ui ^<iiij-ilI ^jLuill ^isJul < NATo 4lui 
l»t^*... - Lt c^ JjLui_!I ^cfili j- 

^iuLVI ^IaaJu Lu j Ua^_jLjuo ^a-^u d »t.i • * CiLiIjIiajjI 
<1 , mi dlj Juj < Sj li^ 01J n\t JjL-mJI .luaNi l yjL J _» irtilt ji 

^jaXj J ‘ i- ■"• jjJc. Ui IA11 ^j^jluII J^lkuVI (_LaX.j . 4 Si I A 4 -k ~i 8 Jilik 4j$-jjVl ija> 
^jlj J .»a*i jl 4_anjjt 611 iuj JjLaJf 4 J t t Sjlj-a. 4-a.jj JTjL&JI JjI mi l 


‘■■•■^ l ^ilj ^ «l ■ -‘^j . lr>i tsi Q-k~i V] JjLuJI qjjj^II Jj i n^ l ^jjlj jt‘i ii n Vj 

jjjJ 6j ■“! ■ - 4jjlmll ^11 jAi til j| <LjLe. JajjLua Jl jajll ulml l t *i i ji^I I 

. | dry ice i_il»JI ^£11 /n -i^ll j> ■ l JL 4 j nm uj<» ^4 Ijj^j J . 
d ‘l»'-l I J i j> J I AJ-i-Utill ^JlaJll J 4j| Ju I SAj . id N N 1,0 tf » l i ii i ll ikSij 
J~j ^lj Jjjjjill ikui^l Jlj jLt 4 w>^> .1 ft~N u I Kj-.<jL^y I jdt 6j| Jl 6JLiXull 


J »i/> jji j 


bjaall 1 »■■■^* Jlj g-J yAt lillj J «il Lo jJI tjJfcj 

6jlj-Sk oLa-jJ jit bljLj-u (Jiu ^j]l < (y-ijjjll.1 jXaJLI J JLuVl £-0 

Jui 6JA 4 iA 8-k'ill Sjlj-aJI 4-a.jJ jk Jai idlj .i_*L^JI .Ijm^l Jlj 

oLajJ fji tjA.u jc I *>Ui 4^jii 4j| 4 « n < ill ^Jl Ji i nV I jJtljj jjl 
vi u lu ^LLLuiIj . jaiajj Julail JjLfl - ji *'■ I nj'ifj . 4 j J L*JI ijljall 

j5^1 Sjlja. CiL^jJ OJa-JU • *il ^"NT jJI 4 Vn> Sjlj*. oLjJ ^1 J^uaJI 

CiLa-jJ ^yjjl C«jl£ < &J-0 JjVj < ISujSkjtuI SjljaJI CiLa._)J l 2h° 11 

• JjLmlJ !■ < ■», I j^i SjljaJI 

— (£j^l oljU Jjj i ill iii i jajjA&ll Je JjLII J&ilail Ijjt Jj i 1 jiiLj 


J^jJLI (JaIaJI Ijjk £j 0 Ja. I jlij nil ^Inl mj J Cl IjLi-11 j« JJ£ (jjljli J-a-J 

i>>j o*j) . permanent gases ' Lkiljll oljLill" I |jL jlLlj Li ,-U I ^)| <iL^VL 
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<] oa-ul jl <jqjLLII ^11 ££jljls I j ii i A11ii CjljLi. ajc '*■» < ^jljli 

il I 

^L=w dl NIT <t_a.jj Ajc. LplLutl ^j^-aI V cJjLc. <LuLoj 4-C.jn ■% n La dlllA 

(jjJjS-ll Jj III ^1 L ]a|a ta laJlj ,‘ia-a. )Vl m *CV I : l jJb CjljLill liLLjj ■ tii .All J_a 
I -1 ■ ' * 3 » ■ “ ■ oljl—ill a j—* <j-°J • pj c>i—?*JD' V J f H j a3-f^b c£?JL>-^b 

sjjj Cx>iJ* (Ih° UJ^HJ ulHJ^JI - L““^ Jjl 

■ (jft'S i n^s I 


Thomas Andrews ‘m jj| l _yu\ _>jj (jjJjjVl ^11 j «j^tl ^uajl < NA"N^ 4lui 

^ * 1^** ol^l&il * ■■■* JaMaall j] ( NAAo - NANT ) 


4-uLoolI luljll CtljiiJI OjI$j * JUiiAll Jtflt V 6ii 

6JJb [J « * ‘ ■■“ *kj . J \VT O-Thi* Iaj ^11 6jlj-aJI CjLahjJ Ctlj pljlJiH J !*> 

J3| jl 4-a.jjJI oLahjjJ jLa*jj linn ^jLS oljLfcJI 

• A Ji&A 6j^u£U JoJLf^al I f I^ia 


If 

j^lt VI loJLI lit jiin i ^Jj . a "ill JjjL ja J-ij.iill |jll I iAjI pLaJall 
^jx 6jI ■ -j ■ ■■" V t -“ vl LjjjJa ■**■•*■" JJ.a ilL jLJ jaaw IjLfl .JjIj JiLui 
J oule-Thomas ^ ^ ,’ninnala — J^a. jj| _J Uja >*x I j-A (jl£j . Lxajf Jjjlj <jU £jl»JI 
cLj-ix j_a f *iJ » “JL ( (ja K j)J LII ) t j L j_uj_ajia < lil _iV> inL ^1—2 ^jJI jV effect 
. ^NAA^ — NANA ) I ■i^‘^I 


<-A aVta jjJc. Jj- wt-v il Ji^auaj-L — jja. Jj| ^loaJLbul JjLa. jjx Jjl (ji^J 
Louis Paul Cailletet cnTjK Jjj jw)l ^ l uN ^ytll ^jLj j > 11 ^ — a SjIjxJI oLa.jj ja 

. NAVV<l ultf a( N^NT - NATT ) 

jUil (jl I j_Aj . Jj^*_a eltj JJ-S ijJ-S Joj « a- A n Qta . ... ‘C L |jj J-ij 

fjic, LjilaJil <J|jjVl jai. Jlj JJU . (jjaaajla “ jj| j u^ a jla I W l m paaaui 

idll JU . jlaa jji ji^L SjljaJI Jiij ^IjaIuiV JjL a La Jaj i i rt ll ££a_ua£Vl 
tJ^jaia lajii l^j 4&jJ CuAlaJlj . *j«^ <iajuiJ Jita’Jli JjLII ^jV> i n^U ^aia 
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uLua ^Jc. I^ii ^jll iLk.jjIf ^11 |j*-> .<VI Jjjji Lt^jJI yi CimK ^Ualuilj 

Qt ^. 4 h<VI oljialll 6Ji CuL^j ■ fLcjJI jljX^ ti lt I i a j* (i t ^ » 

eJ&u 6 jIjj^II Ojji.ii i i nj*if <Uj i m ljI * i aI I i % I (jl ^JLukll jjj . JjLJI 

. ijj&JJ C*il£ 11 i^l < <JjljVl 

< jjjJj^ll ,.'141^1 Jjlj Ulaj Ijjll <4iij Pj^dilL |LjL jjl Jju Lul ^LLluil jij 

■ j* ^ I 1 LaC Luolsauf jj^l 6jlj£ki 4a.jJ Loll 4 -JLmiV ^ I l~fcj ^jtl 

Raoul Pierre Pictet oil^i j_uj Jylj ^jLu^IIj 

(jSkij < oj’iIK < > a Jjlx. ^jll < mil o2jll ^ <jj! ~n~i (_jj-^l (£jll ^1 j nj^ll 

. ujilail jjVI LajI £i.wl JTj 4 l*ii nfl ftjjirti 

^jlj Jaj i ij>l I £fl*y niSVl Jjj jj i tjjul I ja*j < «lja.4> <Ajjla *uul J 88 

jj ol i n 6JC I n* ifl it if. jtauui^l ^Jc Jj inn lt ^ l IrVi IIII Jij .JjLuj ,t im^l 

. 4_a.j_=JI <Jjlj_a. C&jJ Jjja LsLaj Jil CuL£ < ill NV’IT Sjljj^ <t_a.jjj Ini iAll 

Jaj i iAII ^jjnin^Vl i_jjA ^Iajui^VI ^Je I <Lj_jiVl mti jui Lijk.j 

jin i,.<VI jj jLu j4iajul ^jl tjjjl ajfj^JI 4^jJ ."..^i". tl . fc .i^ i If j ..ii vuij 

. <icj4l4J JLJI Quill JJUJJJ 6jll JjlxJI 

Olszewski ^SLuujjIjI.^jm. il*i l$ Lai jLiillji jLuL&j^ J^jl «\AAT <lui 
^AAA - NA£o) Wroblewski a ^^jji-ijj.ui. N'Wo - Mil ) 

■ Sj j* CiLi 4i^_i JjLui t >-n4u*\l ^Lu| Ullaluilj JjIjVI ^nl ill jjia CiliLaJ 
ji jJ (jit OjIS ^jjil Jjjjiuj JjLuII ignin^VI ^Jc. Ljlail <_4JjljVI UaLaul jij 
JJJjJI in'i Sj-o JjV lx.lln~i.iIII iillljl iauiij .jn illl J.l» n Jj£ J^f ji SjtvJI 

. J^-a ( jlc L^jjuilj^j LbjIj Jaj jjlJI oljlAil <Til i nil 

J- . 1 ~ > ~ i cr® ( ^jLa. SLij jjlj ) j^iu^jljl 

Jjfc flj -Sjf^ CiLjjSj JjLui ,'i«-Ii£ Jij u £ i Jjlj JjLui 
. | n Q il LuiV Jjjlall (juii ^Ijauuiil Jjiol li^ljc ^j LaJjc. (jSlj < Jaj 
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^-4 J j * tJ , Y ^Jb ^ %m^V l jLik. 4as^J jjl ^uail jij 

Lf A i'i y SJI <i- j n i 5C l Jjl jLJi »J Ao, N (J Jk j^jlall jLJc Lajj j til AV, o 

. til VV, V I (jLJc. < til AN , "\ 

II A^iu CiIajJ ix^l ^ 1 * i U I Juaj iJLuill CtljLill 6 J^jj 

Titan jlxul ^jl < \^A\ <xu> > iitI5!l iij tta^Lk t_»£ljShl 

Clljja>4 ^lc jjXul JllAj igfAJ^ull ^4 LuiLul LfljK IjA £Ujll jL«i! 

'A'xlu.u ^Jc. JjLJI < jjo —j 

CiljlilLi Lu lja.1 (jli t^iljll jJ i JjLJI tjaji^ull SjljJt LjJ Jiej 

. (. til AT, ^ ^Jb JjLJI i*)» a.>Vl iaa'i iajJj . JftllL wUtajJ Jl jjS-oJ <JIJI 

uto t^y u^l11 i‘ifr jjiI ^ <lLuil ,*n J o l. t a ^jjll oljUil p j l j £ N^Ao ^L JjLjj 
<jj> fA-jll Lf U. ) JJU L & .ui 'iSj ^1 ^jJ^JIj I'lb -ull jli Ciljlill 6lA Jjj 

, ^ 4JUI oljit Jl J)L (jliinKi jj La^jl 

. <ttiljj jA i^lllll jjjSJI jl$ < tillj Jmj 

4 ] Lull oljLJI ^j ^uji jJ jjjtujla — Jja. jj| jli 1 Ui j Al l ilL ji Llj 
^.LtJ 4jjuijlLj . SjjjjII Jjs <Lj< 4jfc i^iaall {£jlaJI ^jalaJI jlill JjuOJ Jjl ^1 
<k£jll ^pll Jjj-ojII t-jJ.t jal l (j-a Jjij < ^jjJfJlj cA^JL)-i^fllj ^< ojH IJfc L» oljlail 
SjjL iijjJI a jlja. LajJ C»iK .^Sljll . tjj-t-ttJ^L — Jja, jjT Lf-J iiJaj ^211 

. (jjlVl CiljLill £iUk .y e- ULLuuV Lu 

jjj-ut-ajL — Jj-a. jj| |Ji .< 4 u u *J L ti llJiS J—«VI jSj 

Jt .j-tJi Jj-i llA Jl t- »> j jlij • J • (jJj *•*£>-** Jl ,^1 

jlJjj lju a-t-a. . ITS i. h V I ^j l j a j£ ll tilljj ^tj—ij J* Jjl JjL^j < i^jt—ajj. t j j 11 

. ( \ NYV - \Ai Y ) James Dewar 

jUJI II* ijlc. (jf f lail *lxjll _j-o-*j ^La^j^lAfll Jj>Jj jUfJ ftLS < 'Lljj 

Jl jj It <j^l I til \ \* Coj LA Afj Jj^l) ^tual Ltjj«j . JjLJI L» ajj J<ll ^La 
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I*H UlA 4 jI fill jjS gill <jjjiail 6ifJj «J.lnlilj (jiLaiiVI 4 j1aJ jljjJ |.Aj Ljlc 
. til Y * , V (JjLtuJI ijlfttjj.ljfl I (jLilt 4a»jJ (jl g^Hl jSj . iljlxu 

ijLfjJI ^ Ij. -t n > ~i j^lr. fLJJI JjLuJI ^Llll 

• 4 t -1 it« i til I *tfcj n y 11 tJjjkjjt ijIjA CoijJ <j| (j* Jil SjIja <d.jj £-j> J 0 a> 11 
<JLc jjrti IjJU jSVI 4*iil Ilia Jj» vll jj^L jjic. CiaJauJI Sjlj-aJI 4a.jJj 
4lc ,\.% \i yjJI jm«.*- uiI 41 a Jtaj yjjl 4lJbl^ll (jim inII 4 «-itil J^aJLi iuiL£ jjJb 

(j—® ul ) tfr-WU ^-±*J a>—f* <£* J-*^ ‘ J ~‘ «j l j< V,T. ........ . 

. 4Ajl.il 41UJI 

(j« jj ^'i« 4-Ql — a « l l (£j —a.VI ^_£l£ll Lujj Mill (jl jJ_i_i < I ua gjj 

Liyat .4j jA^JI tilll jSI c JiLJI jaIja 4i (jj£l lii jt ! 41 (a£II <ajJ ^_lc l|13>4jJa4 

Vj .cLajj 4 V%Lm Sjlj-sw. CiLajJ jjtj 6.V i.t f kj i ia ■*•■*'-~ ( jj SLt JjLiaJI 
4^jJ JiU. ^IaLui (jj£j 4ji .1 nitil l 4£j-aftJ.I (jL£a JjLm i*A3.«jJliJ> 

U—Li 4—J_tjl Ij - r L aj - B — jij i‘i» jl (JjJjI k » .a Oa~ij LfiJ .yj 4 iftiliII Sjlj-aJI 

■ (JAjVl g-lil-U 

SjLa ja£ ) (£ja.Vl jljll gi ft ft . ^uiftj JlLall (j-a.jj.l-lflI Sjl_p. CjLajJ JjCj 

Jf.Vl JjjII (J# i S iI j -a « (jjJI CiljUtll 6JJk (jA ,1 ..<¥I (jlij .4_iL*ft j|^a | tialj 
< lil AT , ^ . Vial 4 I 9 SI 1*1 «-a.jVIj I id 0 £ , V .Ua - ! 4laii 4 ] jil J.itf g_iullll jjjill (jft 
< id Vi J uai 4kL (jjJj^ll .1 mi^l iJj|j 1 id oT, £ Xuj 4iaSl jjiillj 
• id T£, 0 .ual 4 In a j (jjjjllj id IT, T j,aft~j * l~«*« 

J—ta^ll jliilj 1 411 j <1/—a. 9 (j—4 id To 5 J—t a.jl I <Ull mil SjLJUj 

■ 

iJ>aajj gn ml V i-ijjio Oaj jli ~>J (jUi JjLamII (jcajjJ-afJl juu L. 131, 
41 ILaI 4iaL» Ciaj tjlajj a -^ - l1 ,ja jajill jjt pjajl JjjA lijnii i^jlill (jft SjljaJI 

. id \ £ jit 4 aL|1)I 
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<IIL^ ^Jc. Jlaj 6ii 4iAflVJI Sjl^aJI jk i*llj 

. 4 noalifin S j| um 

— «4»* tf cr^bj^l <ULluI jji jIjjj jAi 

j>> 4-u-c. ^jj.j 1i Ijj „t. a, i . ( \ ^Y1 - \AoV ) Heike Kamerlingh-Onnes L j^jt 

VI . 1 >*>J~> ijljail jaiLu |»jj .JiLull i Jlj^JI ^La& ^jLiil 

JLul < N A • A 4*i 111 jjI ^iu (jV 4_i_fl L£ 4ajii 

. J £ , X Sjljafc 4-a-jJ jit fJfV* <J“jji 


(jUxill jLall Jij 


u 1 11 *ilL j )h J-S 4j| V| <oljLiJI 4j(_jj (jlj IjA <L> iAt ^jljj 

4ijj ^ Ij—if 4a>jj 4 j( ijjc. i^jijitll Jjj-lll Jjll Ljjcj .Llfill 4 j| \ \ • A 4 *u h 

• jiUii ji 

\— c^3>Jj J ± ^ ll « < jjj «*i l it n ^ya 4 » _i il n H ^ II /n $Ij , 

oljjlj < j-&.Ij Cxy-Xyi o-* uj^“ Sj-^b Sl^i Ca^ju- 4- 4 <=»b^b • j 

■ uJLHJfb u>U* 1> u^b 1 

4 ^ 

v , i A 4i X— JjI iln-fc i < lujlj 4-ijl i iiin Jj£ CiLjjjjull i oli < j t y ill« 

Cjc. ulLS<jV <jj 9 irk «JJji 4 ^ i Vi Y— J j k oljJj < JUkjjXii 4 fi ^ 

.j^al'mll ^i ft ^ J<■ “ * jiUn IdAj .^jxxu L^Ltxlj oljjll (j-A L|j)Ll1a 

oIj jiLbiil jja jki jLic ctLa.jJ q(a>j tt •>! 1 ja j ^H ^aII ^jUaIIIj 

. JjVI olAJUiiail 

t IIjii^ ^j!I o1a,ij <i^I1 JJC jjj! SLt ^lAilkl! jihtlA i Jl-ujtj 

Jjlj iuta,4iiJ^JI <1L. . 4In» Mil <LuJ| LofJ ,*t y SLi Ljjii ^jUjI ji lajmn jjl 

>* ££j5I ^Jc &ji±a j J^b f. 1 “*?• *b* Cm L» ubLla-VI 

J£ ijj "V, 4ji ,’i» SLi ^jJI ) (^jL»JI (jl ££»• (j* *^La 
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« 

jjl. .1 If 4_—a>jJ (jL-* < d X • , T jjl—dc. ( N— .lA Sjj V, • • • 

iaE jj^l « d XT , £ OjjlI ~ii Ij 4La Sjaa£ 4 jn^ JjjC. jkli I jj X— 

• <jLic. Lajj <>* t^ks.1 oUwjJ 

j-a ( -i ,<r. S I j_j I_u^_sj 1 1^ H cJjj <>a Sjj J£La ^ tl$ t) <tlLa^j 

<1 ^jif |lj ,l«ll dlj <j| . £ — <_11 i nl I dljl 

^* 1 ^"* Sljj LfJ jkj 1 1 a Sjj Vo • , • < » (2/u S-i-^lj Sjj (jl j—i-i . d 1 ,X <ILm.I 

• fJf^ 4 J- 4 dljj uApjfjj cfiAjjjDf 
jaj-iLk ( ^fl 1 j *m f Lcj jar La 1jjj >4 -_l5‘i SjJ-lfu T— ji. j il ft (j-a 4 i a^ cJjx. jtj 

. IjLt JL. ... a I > o^-i T— lift (jl_^ LLj < d £ , X Sjlj-a. 4_a-jj ■ >‘« *- JlLu 
<L_a.jJ J jlcH I—a.t ifc Vj Ji iiii (jJ <jV < (£j-^,l 4— a»jj ^Jj T— lift Jj_aj Jjl 

.dT.X^ISjlj^ll 

i ^ i ^ — I dlj ^ <T — — La — sij jjH -ijl — ^— Jj —a IS tilin i 

(jift a *v i (jl £ Iti ~i ml < <ljLt t—j< i_la Ci ^~i j L ..ilj ij(-i Ij It £u_ui LoJ_jfc_j 

4 _a-jJ !j_JI J. irtj 4j| ^ *>» j I J— ftj . OL-flj (Jj— ft id*, AT ^Jl 4 jjI^„ -a. 4— ajJ 

'** *" 4j| ji rjlL < I—at ai Li ') I—C (_j l—fl jjj Sli (jl SjL.a j_jV Jil- «i V Sjlj—a. 

jjlj—J LlLa. jlaj Sj j j>J l 1$ II dtlA JjjSLjlu 6 j_A Sjlj-aJI 4-a.jJ 

. JjLlJI £4 

(jtLil jlajail jji S-Ufclj La.jj {y> J5I Sjlj^w CiL^jJ ^tiil jkl jjl 

. L_^uidl l*jlj IjLajj dtj jK ((JaaJLI 

jl$ 4 j in n itill icj_e_a_LI i_tSIja ‘ ^ i-aj^i V <j| J—il t j-a oli >ul 

I n* < A i—* ajda Ci-k~i Jat_ui i'j4a.ajJ_iA <i C_a.JJ (jV 6Jjj—JI Jj-e 4 -j.jJ lJ lc. 

JXiJt Lat fjiaaaull ,j-o JajI i_i£lj£ Jswjli Lajji dtj . icJLuO 4>?"J jl j Aia i ii 

jjul oLldll (ja J-iL» JdC dajj 4j(-j i JLlII Juan < CiLl^I^LaI dljJ^y • jijll 

• jk^ i> 
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(jl Jn*i*fct l (j* J -4 .jjjli |j-o Jjj| IdAi 6 ,tj» ill f I^Vl ftjjh (jl jijj 

Jj-uu jjl 3-a.jjl ,j-oj < J«~) ~ i j (j 1 1 ,jl Cajjl (j-s (jjSLi 

? jl fjjifll (jia. 

I jrtl <ljlxo 4 %j‘ii jllatl j> inil jjc (j1 ^*1 m ^Ij^Vl tii (jl (jolja-il jJjj 
<£U ia^t ^La_iil |j-o Ctik i‘ll ,*<^j j^jjSJI ^LluVL j^lli ,<jLIa iaaij 

g2i- ^J-C. j\S jt yla. jjjSlI ,j-fl tflj . 4iL£/l <> <j$j JS jjll j-i. mi l 
Jljjj V « 5-SLUI Jt-niij jyilo ^ j-a. 45 ? jl ^a*i tfl ,jc 11 J 1 1 jjL£ ^_a.j « <-2LklI 

5 jlj-a 4 a>jJ (jlj (J»<t_i Lil^ jjti <jLlJ <AjJuI ^jall I jjb jalu 

. j^^ ll <-0LjJI 4 ajJ ^Jhj < J T 

lj -0 t,l J 1 ill 1 — 4 l>VI ^4 <lSLc olul ^ Jj-a.j Jaj_w < ^Jc. J (jl (_ ,»«_ ■ Ijj^j 

CiLajJ gjil jiiljl — ( joLLaiVI “t-AjLi Sjl^a CiLajJ <*i4 . i tn t. m % jjSilI 

Lu JSI 6jl >< ^ ola,jj giul iiu . LoLfljl jjli t cu(£ JjLuJI ^^aig-ll t> 5 jL>^ 

• oj^*I (j-® u^“ cs* <_r® <_r® ^Jtt 

. ^jL^all j in*itl jjju (jl ^Wi mj fJ jl . tJalj 4 la 2 j ( 3 &a.l At I tillj ^oj 
(jl jaljl — ^Ini 1111 ^Jl .^LtLua ^jjlj II Jfc 1 til • , AT Sjlja 4 a>jJ J if 

. i_ilir>ll j-jjljH ^tuL >■ fl.tfrl I jiaj 

L^j . Lj_JI Jidj (jjJI <jniaill Sjlj^aJI (Jftiat (jl Jfj £4 ^Irii i<n |Jj 
IjjUa ULIall (j a CiljjjAlIj oljjll (f»*i a n jjL V ^Ikll j ‘ *-~H jja i < 

< J i Irt <—SLla ( _)-a.l £jj jl ) i iflll Ciljjj CuL£ (jlj < £iJ—a. jli . L i il ai 
l^juaj t‘i^‘ (jSLaJJ IjLa < l-a^ jj£j |_4^UI . ^jal I < aj.tf J Vila ( '| «^~i 1 111 


f lj_a. (£ 5 _a uncertainty principle' 3 j \> i qUI f j » n Jl_L* < Jlj 

Werner j* JjL^ jjj_i ^ j imill jjLjj til ij_t JjV <l»j Vi <»J ^jll 

j. -Aj tl y ^ l<- u .. -,. r \W ^ ( N<\\A - \\.\ ) Karl Heisenberg 

XjV 1 * ^1 < 1« « < i ,.iij 6 t 4 «<m I ail I «4J Oa‘i (jlki nj V Jjfa ill it. 
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jjj I < —- «i l.*> ■ All jjjLa!| ■ 1 ftjLU lit*i Vi oij-J-u . £jlii ^.JjC Lculj ctllA (Jbj (jl 

oLu Ift IsLl&II |Ja.l I JjI >11 JjSLoj ^ILJLf jjc. <2LtaII 

. <ajli£j^UI Ijjua 

jjLfl < < 5l till f^yB Jj .VjAII jJ at I 1.1 A £ya Jd—I A . 'll 1 IjjI n_l V <_n ~kj 

6jJL_a.Vl < t 5.ill 6 j_A O ~il *> U <j| Ajj . j I lift (J—*—&Hj j—A jl UK j fl i^lll 

* ' * — — 

^ *■ ">• ^LLui *J *1 J ^ Jlkl UIJ-ulJ < ^LjLjui 1Jflf1 ^Jw "hi 4-LflL£j 4_fiUall 4> 

. Jlkll >ucJI 


(^<xcu i j j *j • ^jLjJI U « < Al l I.xa * JSVl 

Wil- ^jjuo^ Jj j jlA ^LLj 4 It aj ^iikLuil t ftlij {j-o ja fl ni 4a iAt 

<Ll^i <jl ^LkL*-lj JjLuJI jkj-JLfll £-« (^ol - MV\) 11am Hendrick Keesom 

. <LiLg-jJI ^A LlLl^ 


I ft »jj j J o-lil f jA 4jL^— ill oftjj—till oi—J flfl Mjll jaI 

. <xLuail <1LJI 6jLa JS Oils £* 1^1 ( o4 1l <jISa ^ 


t* 


ajL^-jl j^at «l)llJb jj IjLo CV <Ofl Vi I J-5 <Jl iu II ^j| * * * fl H Ij-g-i jJ ijj 
**I J ^ (JSj JpJnil ^Aj^JI J$A ^jiJ! 6 J* ft 11 6jl^^II oL^jJ 


jjC. jlkll jI Jjx SjUtl £^1^11 jaXj O ft.t.S LaS t {JjlaJLij 

JjC C£J-^I JjLuuij ^jjla-o Qja £ ljl| 6 Jjcj .iijLc. ^_>qjI m "h 

4jbl_fl juuudjj ^jj^S jLklil V i I J^> 4 i A A "h \ftj 4 mw ft 4-^.j^ 6jl^_sh, oLa»jJ 

Ue liuul killlA cuL$j . superconductive' ^LaLojII 


<U.j ^^Jc. jkjftlfll 


6jl^sh oL-OkjJ jAi-L>l <i^Al^a jjJl p- l.ftJaJI jftl.inl M«A. 11 ^ jjb <auiljjtj 

J5l Sjl>a. oUjj ^5 |»-aj Jb ^ jJ j. JiVLi JSVI jjJ] 

fjij . ^l-jill j mil l j^JI 6 u JaLi Jljji )t t ili \ ^yt 

Walther Hermann Narnst jlllj ^UVl Inn ...I <lw 
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third law of "<jjIj-=JI K_» ^ t«»,vU *iJL3JI 4 jj_iLiir La(NMN - \A\l ) 

^lil <j1 j.a^ fj] p^11 ^ikii.ii «±JL5JI t^Utfl I i* £yaj i thermodynamics 
,<j|j_i]| <]auftj ^lajJI ^oij Jj_g~2hJJ ft\ LqjIj J^Li L ^Jj ^ flltill 6^lj-aJI 

Ltj < i^liail j 0 </»H ^11 pjll Ja^lj jl < ^ « ** < J j 1 jJJ 

. p^j^klf ic.jxu l^jLa jSl 6j|jj 

_ ALj J^-LLxll j.fl *^>ll ^Jj Jj 1 rfa^ll 4 jjq_A| pL_oJjlII ^Ij <tJJj jj- 0 ^Icj 

• a j«j^ ‘ ~* ,l , J 

4jxo Ll^j ^]l jJh iTi ^jLi JjI^juuII^ JJrtTi jb CiljUil J^LaaJI Jjutj JAJi 

a 

<JliA jjl£ oLtjjj itml l < tJ • , 0 • ^Il_^ ulc. 

Debye ^ 1 _< a j^l l JS j^jJLal < ^Y"V «LLui ^ 

William Francis a .n ^LiLy ^^SLi^Vl ^1 j n j^llj - NAA1) 

. fjjja. Ljiuul Sou (J ie. (-^A^o) Giauque 

oljj J« ■* gadolinium sulfate -j ~ll ol al<» Ji-a <‘m n jlj_a ^ij 

JLu \}~\S u^J '*J'* CiI I.u iliiiu iJIjj <JLaJI tJA ( ji jij i(jJjJJ 

JLaJLI Jjjl lj|j .SjIII ln*ii aTij ftLajl Ciljill •> UVn ^i.ujUid <i 
d .-~*il ./> «. gcJJLi XlLj 4-uIj ijx 5 j( i/y j *iifl** Ciljj-tl jli < J in v ^ m jt*».*»«t I 

. d .... .!—*>« I I 


^JljJI jt cJjc I jjj (SjljaJI <ul Jlt l T 6 It ldu l^J^j iljj JJL Clljillj 

Ijjj . I |~ijlj^. l~ ‘fl~ «*>■■ L-fjlj SjLJLI jd I j id*i*in i (jl i—ritjfl 

, Jjjlj d na Sjljdi JjSV CiJjJ <illj Jjuj Ci I lli < i C i lal»«i U 

. J5I ia-jJj SjfjaJI 4a»jJ (_;<->~i~i Jljj }U < t ^ dL nj .l r>* »»Jll JLaJll 


«■ «~~--l ^YT dlui (J^laj 4 j£ 1 < jlk (jdjll (j-0 6 j 4A i^jLuiVl g'td&l jij 

^xaJLuil <<luJI . *il • , Yo 5jliaijj CtLiLui j£l^> 

Sjliu.jj jJt ,Jj - - II cerium fluoride jljj^Ia /n jjj|y> ^'i i j* i! «d_A 
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tjIjA iajj jjJc. ioaII cerium ethyl sulfate < »t l JjjI oliluj i J •, 

Jl 5jlj -». oIajJ ujiuiVl ^lj •L* xnl ^iocl < (jcaJI cJlj <iltj . iiJ • , • NAo 

< J • , • »T 

Heinz London (jail jLi ^^jJLa»jyi — ^jULVl ^Ljjjll jLu>l < 4lu 
dlj*vTi L|jli < t— ciljj j* v L*^l iT— oljj Jjl ^1| ( ^ ^ * V | 

SjljJSa. oUwjJ jjc.J . n jjlL Sj^jbOJ Sjl^ail Sa^jJ |>-/bl Iiiij a 

jlu) »■- a n ■ jLUi&j V 1— ^.il^JI Y*—^jjl^II jli < Ija < ini^'n 
Jljjj a^l^ail »I** * Ij^T < I***1-^11 I ^Jj^LuV ol.i'iii iuiI 

ji^l 4ajJi T— ajl_^a. iijj jaiajj 

d . ... iL*i« 11 ^^*.1 .-~-«.ll ijljl j T— |i^jU ju ■*■!«<■ * ijlljuj 

i_fll| SL £ya Y jaj Jjuoj 6jlj& oLijJ u^J ‘ ^ • > • • • Y ^Jj Jjuoj Sjljjk CilajJ 

. Jlk lI ^Ajuali 4ajJ (jj 
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Q it , 


Jili Jji jji I | Ij a. UfC )L^LLj1 IJJjqj jUJI JXu ftjljaJl la.jJ joaj : jjj |\J 

, LdojtSl 

ijlj-^ ^1] 6lie Cajlil ^&LLa jljj’i) <j-fl jli 4ft M.ft, : <uJx^I! jjli (*) 

. jiliiinl) c Li>ii! I I ^uaII ■ ■j*»^ c ^■■»<■>** 
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9 Kg tikHUl JiniiH 




jAA]| 

IjJh ^ (Jl^xuj «^_aIj^]&1I jAju SjIj^II 4-ajJ Cilj j i ill jfi (.. iVn 

. ^lull mill I jJbl^kll — SjJblia 

4-a.jj X, VvY— J jlkll j a ioM jjJ SjIja <Ajj ,\lf> jl^II ^ i*i 
Ijoaa ^jjSj JI^LVI J&u^ 4 ^jnhlnLxaj^lIl 4 jLuiVI £ya Cil^o ^jl^aoiluj 

<^1 JUtVi Lu jj-0 Jj«l j%-^4 SjljJi. <a.jJ (jUJLJ Ijl <<GaJLO Sjlja. 4_=k_}jl 

. I^«»* I J (_yjjl 

jjJ| J[$Jall <LSjUII CiIajII (ja jn^ jlki ^lc. 4aa.jll JljJsVl Jauj « Ltjafj 

CiLajJ .ItfJ .duijltl ^ »flfI jd*j jjc CgJ i <ULjLaII CiIajII 

^ ^ Spectrum ■ «»t»ll ja j^&jjVl 4jl^_ill d i^jl I (JljJaVl IaJu <Sjl_^-aJI 

, ^aill <ji«iIL JLaJI j£| ,ja£i >_»u nil 

< Ijj *i a *\ ♦ • lj, ->. "k <Ljl—ail Sjlj—aJI oLajJ J£I 4,\ a i'iXI <LuuiV(j 
uia^<i II 4, «U ~ia> jl < radio-wave region «j>_jjI jll 4_Uola ^ 

— ilalj 4^yja jyl Jj I iii i 4jLaiuVl (ja CiLfcj nail * I * J£j . i&II jrt«J jaaiVl 
4ajJ Jac Jjiall ^ja 4 fi^ jLi Ij&J^j . £j!aJI d * ■» ^Jc jjjj V l^al ^4 
i-i <JJ 1 » • • 6jlj_^a. 4—a.jJj ^JLlaJLI j » ia-atI (j*_i 4 -%-jJ i_ft)l jlkj 

j-2j 4x—uVl ja Lajii jykti jij i Ija l i■xl jii ( jl ,„> jl Ladlj jl IjjL l| mala 
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^^Llall <-.»! i^ll J ..hij t ^ * itiVI 6JJb Liiin liJ^i£ j • ** " ■ *■" V 

■ 

. |jJjll pjxoJI A flUwt <L»,xLVI ^oju j ■ *"«" « V • <j| Xu 

ota^JLI 6<JUhj « < L«ju^ o-oTk-o C*Lla^ V| jyijll pj^oll J^laVl V «4-ll*lill 

ia^jJ ^UGjI JjIjjj Lxucj . lllLui p^uJalf Jaaj l^jji jj^ltl 

^jutail i pjjball j irtftl 4 j^ 1I (JljiaVl JLj^ll ^fJaJ Sjl>aJI 

Ltillt I l-^l mi — jjAjjl jaLull J3J Jlu cJlj JJLjj < *i»ltl ^Jl 

i ji LuiLmjI ^iiM juajuJI ^iauui Ju j%l mil itlllj LXikll (j(_jl| A,ry 

CiLsk^II <±Uj Jju Ul j Mi’ll i ^jiia Mill 4* Mil jjl ^Cjll p^^a^II i. ill** 

• Ujil jtf ^aSVI Cil&jllj iujll jJt J^laVl 


jJc Jala-til S.Vi-ajf I iL^yij < yjjll ^Jtjillj <_JLaJI SjljaJI <ajj (jjil jaij 
lXL (£_>j V liiLi 1I j£-Aj . JjjI t Lr <i -Ly^jaj J,l j^Jj-a J-ft lj-a> 

. aJjlill jojVl 6^ut J^vlj tjljflal j4 till j jj-S i-mnljj < lj& j-\l nJI jijVl 

i<Ulc Sjlja 4-ajJ jlc. ^*|X» 5l «= J iA jj in « ^Jc Jiotu jjl Liul j^tll jjj 

. fireflies XIII ^ I^jUU CiLLj i±lljl jbualjll Jlallj 


^11 4iLa^L pj i^ll ji I Inal I j i ■ I jm mill i^Lc J^** 1 jjIuJI iumlLj 

jlill pilS jjJjVl ji II l ji *»• » < 111Ijj . ^a.Vl Ljl a tnlI ^Ij-atVlj jjiJII 

<LlfjII i f j M . ft'. L Lfj^jLlueuj jjljalll (jJc i'i X *l a i » „>»iall f-l*jj • 

jjjLui ^1 (Olill p^all /^ya y Ml ill <jaij jjS I iiclluall Af LuF^y I Ciaual 

<j$ l. a mil ^l^_a^U mill fjjAII < lia jj ^tjJI ^Jcj . L^-ilj juaiwli Upl.ai 

. J1& Jlj4 VjfU* 11 SjiU lj Lajlj 


I »| «l pjll lra*iiHi jajLdall jLcji ill 111 i^ljVl Hirtlll ifhs 

(jljllj i Ouyb tjjxaj VI illfj t j5Ll ^lj Salall S^aVL <jl t" imiVI ,~n J ^aill 

• i5t)^b ^ CjjIuaUJI 
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£-Aj-Q f. L a . m il “Uajj-A. Jjl J-tAj J^jLa. 4_AjJU yoi. 

- W ) Hipparchus ^Lij-JI (^SLiill jjk J_£Vl ^e. SjjxjJI 

< L <i , v‘i \ , • A • n iA*i~i -lx. I < jVLill J-lA ^T • 4‘uii ^La . ^ ^ * 

jjij a i■.!■>* j^«i Lai JaA-A| ijyAi ^jLtJuJI JjUIj Lflt J£1 JJa.j 

. ttiijJ-fc (51 jl jl 4r.l i ii 

^.J-a- ~' lI (jujAjLiaA jx.i j . ~ 4 > i<- »LkJI ,je. Ja_xj ^Jj 

<aaII ojx^-lj .^Lajutll LLjj jSSVi jyjAiixll ^ic ^IjYI <1 aII .c>lla 
jj^I •%*> jjJc. 4a11oJI <1aII i uuLuJI |kjajll iLiia LiQII 

pi nlh <JJ <jj» </■>! jl^j jjJc. 4-mjl mil 4-1 a]I C(j1aI J . Ijlij <ulj£ 

■ JaaJJ jlsA JA 3 AU VI LaIj 4 jAflll I j “* « _B Lc. 


juL5 ) magnitude ^jjauxL J jjji ^_u>l <li jlk> ^uual < <il^jll 

n% (jl (jAj'i >J jK itux < ^iiilj ^i« Hi LiuV CtJ£ ja ^ ^jLauJI *^<11 ^jJLui 

^jll j^ull £>(_$ t 4 ilirt <jjl a m Cii ^!c 4lilaj <jjI i ii~i a jLjuI ^k £-Aj ^jjxill 
4xa]I |ljxj I~ul^ < tliljl 4aiuj . f Cul^ i|iV tilijj |kjiLi Ljjjj ja^I S ihai ^Lm 
Ij-A (Jljj Vj . ^^LauII l ji 4a1LaII yj <LuLa]I <aaII j ~*lI j-1ajluI { jA jVl 

■ ^Uaoll 

fit * f 

t LaLu ^ ) jljil ^^iJI <jl£ JLIjJI 

* (5>kVl JjVi jjjJI a* LSj^ JjVl jj-all (j^xj <jl jwuoljll jjaj 

JjVl Jjill |tjaj jj^i jU IjaS ^al-liil /i v^IaII Uu ^Ij . jLuuJI jxL cllj jjSi 

p p p 

JL&ll 4 AJ lint tillijbj . lAj yJ j2^Vl j^LJI jjjll |k}aj IjA. lAj yJ jj£| Lie 

IjJb i-O ^ 41 ini i o CjIaA ylj LAiiiAjll (J*^l 4 ^xjll jU > JI ^A j *" “■ * iajii 

fi.Llij jrt ft Vil CiVjl ■% 11 CjIOj j—■» f. ^juuLltl < j L) _iJI Cil jij^lj i Ij-J ■vjj 

• Lu (jill jit 4 jllcj jujkjljiA 


uaJ j* (>AY> - \V*y ) John Herschel ( jja. ^Slill jl£ 

u*j • l-f-AjJ-*! u - 4-ujlaJI >~aI _>k»Vl (j-apxaI iyi <Aj)laJI f^ull IjJj-Qj (jjjll jljL^ll 
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£ tra-i.nl fj\ ^jll U j^iil Sjj i m glL Ijl.fl ^ j£al < \AV1 <xui 

Sj^aaI iijLuiA 6 jjjua)I jV»^ «<4*iJCr Jj^L jt jl 

jlj 4 aJj ^uuioll JjjjJI jjL jl JiiijjJb ^liajjuil <Li_}iall * 1 fl jj • juu 

. lJ-a(£ jiA ^Lla| ojj JJv* 


<jl flj oLajVI jjaj j)l Jaj£II j-4-aII ^1.^*1 niL oi xu 

jjSVl Cul^ ‘*« ***- < L aj^ J ^4^Vl ^ulxfti a ^L&dLUJ < oLu.UII ^ 

* ^aaII y 4 a if. 

C»nr».jl Jj^ ijjl-LVl ^yjLjaAll Uj Yi iu I < LjjC * ! ■ »<« <i~i OA)II ^44 «iiilj £~o) 

^jl jLij ^Luo Ijl^a. (NAY. - \A* \ ) Karl August von Steinheil 
. jaVI ^LU 151^1 ^| l,o*ia.n 1 -ft AJa 1 fltlAi a (^aju jijh ^I ljuualj3 

. 4 tnK SjJjaj jIjSVl JftA <jL^-ill jSaJj 


(jl ^1 .^ujIjjIxjI 6j ^ flu UjjIxuLiMil jiflJ £jJojuu]I uij j( Jj^4jl *ii jAjui 

<jL£ (jl Ij^Jbj ,<jJjLill oLfi^U^YL UbjjG jt Vjj ^jkuJI umt'ti ^iLu £jSa!I 

fe) f ?* £.-? k *" Cr 1 " *(v) *=ilj-» i^5 ^ J5Lu (1) 

l> LSj^ jjS| (1) ^ >UJ iua. (^) i> Lijjj jSSl JJ*U« (y) f^ill <jU 

. 4 1 1 nil I oi(£ <JU- ,J£ yij . (<_■) 

Norman Rob- ,‘iy da.jj o >m jiLt iy jj^UII jLil <"\o A^ <lu 

Sjj 5jL» jJju j> ^.J Ja>u^iil JjVl jiftll (jl J] — \A'(\ j ert Pogson 

j (Jlj yi Oj^Ijj ^ill I CjLluI ittlJ Udj ^ J Jaupll ^ujLi4«ll ^uaII 

Cluij J i £j\ oaJ t ki <AlL LLo 411 ill I jIjaVI ^JU jii a fJ l Cil^JllI J » ^ i 
^‘ntjj j Y, 0>Y ^11^ y.m'i yjllj «\ • • J jittlall j4jJI juaoJI CjIj^-aII 
. ( <SL lljE^L-J Y.oUxY.oUxY.oUxY.oUxY.oNY^li 

■ o.-^T.. LujjC 4 Jijn’i 4 jL_}1u • , ^ jO-i Qjl^l I jj icJlj] 4 -yi-I'ij 

‘LLjuuI^j jjj-v~ij.nl u» ^lAni Jjl J.Vttflk i-li^fij i (JjVl jjSJI jk)aJ (1>JJ 4-iLjill 

^<i »\ j .Al l jullLI J photometers oi ■ ■<tl I n.)irj Y , o ^Y , Jl <_>■ ni 
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jjill Ijai ufli (jl liLa>i «5j«V Ja ilxlj jljjVl AjJ^I ^ l yj^kll ^lialiiil 

6jrib \ , \ ^iJj&o j 1 * * » gdiA)u> giUStaJ Ifaji jJ^Vli • Ajint ^a 

. Sja N , • \ -j liljj i‘i<Sj jjSlI (j* <jlt j« iuIji Jt^iil IjJ jl ! ^ulII ^ill Jijj 

^ jli JliLf Jii m ^lcj < <ijj jjill .WJaJ IVi^al tJUtell ^UajJI ^lj4*imLj 
jji <1 o^bf • JjVl jjj»ll (j* Fomalhaut W Pollux 

• V ^ jji <1 co*Ljij \ , \1 


jiijUJI jiUll > 0>K * jj&ll jdiljtfl Ini 11 <nl ^jlI Cil^ll ^Jj 

jj£l (jt fa O& i Mjtil l » AA^j . Lf jj^ {£** JpLWI ff* 

Ouill jIjaluiL^ . 4«V jj£l jc 4 jaLu1J CiIuio^II Ciini^j < iibc 

(j*l}ll Jjill j« Uj&ij < £jluJI jjill It^ai Injl Ja»‘i (jl j^Aj T,t\fl 
^rniul La jjli ujli 4 «J>I l^li (JiiIaAJ < ^miIjII jJaII ja 


< (VjiiJI jJaII <ait (^A t» i (jt AjirtlalI CjLj^ lyllill JiAll ij 

liltAj La^J jllj jl Vji l*i« «Aj Ijlj . 4 j ijjmII Jc I.Vijf.l I'rt iAj Ijl 

. ji^uallj ^iljll jjill l^jai i tia^i (jl liVvaj < ^Iju 

jj^FI ^jaII jc. IjJi jjMfc 4 hI hi ^jcI ( jj i Milll| ^jljll jJAll (jo ^n i j i*Hjj 


^ajJI (jli < (jaLiil 4kuljjj . a Jj ^ 11 ijwllj alji (jl j^u (£jfl 4-axc. 

N"\ ,*••,•• * jlljai jljj jJ *JJ4 (jl elajill ^UumI (jjll Caif. 

■ <3^ L^i <j* 


Jli ^u*JI JJj/j .J,VI jjill ^ I n iaij l ■» (jt 

. ( li* ji£i^1 (jl^^l^ijll(jl^ LJS<ii jSi:) \,. ,>» Jii (,Ija1 L«1 
. ♦ ,VA jji jji ji jJ^j Procyon ^ iiJAtl y u«ll LujIa < Ij&^j 


JUIa jjc jlUfA ipLai.nll ^ll Procyon ^lull jiiu V idlj ^ 

Jaj clli+i . <LILa jljif Lfij jidu» (jt jjill (ji Lajj< Jaiflj fi>?jll u* 
(jilj < jSli | Canopus J^--j < •,TV— jji <Jj Alpha CantaurijLaJI 
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< \— lOlc Ju jjl 4 lj SiflUS 4 I II mil j^jJLuJIj < • , TV— jjl <)j ^aj| 

• N i iT— (jji 6jJl (jV 


JiilL ji i 4-iJ i li-.H JLjVI jiill ^JLl < 4jil <i ill ^jluJI u *«« Ijjbj 

Castor C£a(^a 1I j n ■ j ^jllj 4^-1 jlS~llI (JjV I I jkJC.1 jc jljJll ^Ll 

jjlajj * jj itlf 41 jlu £-1.1 4-uLoall . • N , oA jjJ Ij 

Lll Lij— 0 _taj Jjl I——a^JI Ctfal tj-o Sj—a No,*••,**•,*•• £_1| 

. c.Ljj<.„_ihll 


S Sirius luLull (fjiuill ja llld jS£f jA La al amtl ji Ja^jj Ji 

< 4_ul a it I _a _ ull Jja Li I «1 ^J-^I u. .^IjjSlI (j-a JjJjJI (JI_ ii ! I l.ik 

4a.La3jI ja^I fSJ ~' ‘ »H (-» ^ Lo. li rj . O—A 3 JI <ja Sj ~i it JiVl (jJc. 

< T , A— _-j >JLI Ji/i 1 j| j^ajj . • T , 0— j.t-fll J_uu 4aLi e I a «ull LLjj 

jj_i Lfl oj£~> at < ti_« -a JpLLaVI tyJLc. i_£lj&JI ^JLl 5>*jJI j > ~» »'< ^ 

J" » ^ 1 4 III A >11 i^JLull a* £-Ll Jjjju liLti 6 ^ijll ^LuOjl jyij . • i ,T— 

• 6JA Sjllt 

Lajiej <ii_jJbjll ja .U»i !jJI ULlL J a SlLi <4-aJtfl Jlu V I jjk 

■ *>• T, - • • ^lljaA Sj^jJI ij-° LifjJ uJ^i >^l uJ^i 


jJ_JI j a ill (jA £-1.1 jaA-ullj . • Y"\ , ^N— jjJ LjJ ^jua I till Ij^jj Ijij 
(£>JLj£ll jjA £j.(j N,••*,*••,••* J -hi I SjAjll JJA £-LLj ‘ *J“* 0Y0,••• 

- ... ■I~ll LaI jtau j> 1 f. | ja jilj < 6 _j_a No,•••,•••,••• j ->ii 4 jil njll 

. *_)A To,•••,*•• J~> il 


£JAa 1I ^jcl ja |aAC.I ia.jj Tj < plauJI jaailJI ja £-1.1 p^juu Jatjj V 

Ciljj^a jl~.ll ji" ■> ~ta j| ^JJ JiVl ^le J CiLj ^h jl"H lil Lij-t-laa jjl yjll 
^It «Ui iji j % < ijUtLaiVI ^ 4 jL_|aII (jJj LLaj iii < ( JaAil i j^ iAi 

. IjjS No 
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Absolute magnitude ^Uaalt jliLtll < fVitl jilull 

(jlaJL J«‘|«I V J .<jjJbLL» Ijlj^l (jVI | ji..'a. Lbll«Ju2li ^yjjl jlxiVl J£ j i*i«~i 
^jll . Lie. (Jju ^Je jSilj jail tjj I/M (jjll FJ-laII jljLt jit 6 Iji Lai 

<jl jlu Cilj \ • • U isjta Jla JUJU jiailj <Jjlc jje tjjdLaj Lila j in i 
lj-a jJiil laj-^a ^ i naj f-vi a O-OJ . j-o.il I iJjjj Jj -0 lA*1I jXjj li-oLol 

, Lil tjfki jl jlu V i^juutill jjl <a>jjl lie. Ija. 1.1 H i ^‘i^ J jjl jSLu juaull 


6j«Uei fjjel! ^jiiLill ^ 11 11 *af I ^jll a III Cj lij imn ^jjj i ^5[lj 
ilij .4iilj liLuu lie tUui 4 jualLI ^IjaVI J£ (jl J i-vii jjl ua i — ^c.j Li * u — JailL 
< parsecs N « iuai ^ulji i^ue ^ OjLiel 5 iv^* J *GLililf <iLwll .**.jM-iI 

. <iui TT ,1 ^jLuiJ iiLoA 

jlSLu 4 fll mi LI 6di J*ir <jLjlL 4ajJ ^juLiAj <ji’u 4 aLulo Jjxuj 

^flLiu be Jl ij jl ^jij !^u.u (£jil jaUflj .££^^1 4il i ii n JjC. 4Aj^j irt 

. absolute magnitude ’jlkLI <c>uaj J\ ajjS" jj& luuolL <***1 £*- u l^ Sj*ic 
\/ jl < I jla^M UV 0* * f * * * jllji. be JCju < Jlill <J-Ujuj ^Jc < It < nmiij 

I JUjjj <„>, A^l ^LjuiI^ 6j-iu*C Lie JJLJlI Lfj| X • * , * * * 

ji .jaijll lx* £AJJU I—I—jni ^ ll ■ *j ••• e . ^ * T , ....... 

.Jii Y\ , 0 LfJLjj jj] ^iej I j-*j . 6j-» fc, ....... ........ 

. 1 , V j^Jl^a- jiLII UjuS Jlj jjJej 

^ ).l ~U ll I^ ‘j[ 4-U^A liA3J ^Uulji 6jjie *1JL1 I * V " >r ~ jilAilllj 

^JgjJJ OftL jjtj LaIaI ^ULB 

^1* < I i a a i l^ i n^l Y , *Vo J4J JjlsIL l <jiLaJI ^TJ . .*M jc IjLij 

L»jj5 jjjiuAijj jl-iil 4 j^ 15 ^Ijaj 1+4 jjj ...a ^juul^a jjlaj l^il 

(j-* l a-vi Jlaiu I |il i»LaaJI Icjkui jjSVI ^aill J a i Xai ^lj . * \ ,T jjlLil.1 

. JjVl Jjill 
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(jl — JaLa£ <iluJU Jjjj (^lll — <ftlkLi jljiVl 111 

*y*t ■ ju_iull t-j • ^ ■*■« ■* 4 j| (£I < tjj TT j-\‘i i jiujloII^ 1 *i > i,A a <uLaa!l 


^j^Vl *">- *»n jj^~i ji jc jjjij Lo jjui 4 -uLuII ^jjuwlLi udlj 

(jLi < (JjVI joill < >•> (j-aj • tillj o-» L 4 I « LtjJftM 

I X. ■ ..J a S'Xo Jlu ^jll < ^ j)la£ ,j )~y a J jLall Ja.j ji UjJU La^j£| 

, t 

Jjjjj £_lj (jc 4 —flj^j Jjjj Vj < cl a mi l ^.^.ill ^ Iw iil ^l l <11 ■< «J J B . 1 J a ■% 1 

I t u yj|l <iLuill S__ja • j **■*«« lie Jiii jLall Ja,j JIjj Vj . <LuLa-JI (£ja-uill 
<<iLJLl ftjjb (ja ^.Ijla-VL jjOa. J-1-Aj ^ jLaJI (Ja._jll JaaIj . ^uLaafl (£jBjuuII Lie. 

. Ija Ijai qjSj (jl uau <jli 


5j_tie. <il lua jic. <*jua • ~L , T— jj» jlaaJI (Ja._)I jlli JU j ail li !t*U j£ lia. jJtj 

(C > * lill <1 ■ a ■ a — II LiLuill Jlial <JUjl Ci^i <> ffjll tfJtj * j"?« 

Lil.aL J&t 4cl_*_iil (*i j ^ini Jj Jaii jk-aill Ijjb 4c.jJaui ,a» i-i (jl <ili < <aiLull 

Ja.j (jl—fl « £—iljll fjij • olj —0 Ci ■ <1 J -ai l 1 i (Jjl—~ 5 j—*jll (ja 

j **■*«« (j"» »*H Jj^i JjLuj < 6ja V • • * ^ Jtl a ill » i t i l l (Jijj JjLu jLuJI 

. 6__)-a TV , • • • 

Oil>J~a tiU-l* jj^l 6>aJ.I (_j-i 111 Lc^ai ft^aall ji£l jLiaJI Ja.j jj1*J 

liljjal Luli »^ Large Magellanic Cloud (°) c ^_ > jSJI (jiLa-o <jI ->...» 1( £_>a.l 
(jl lj Ti I ala a ^—a-ill I j-A j j Uj j . (S DOfadUS) jajjljjJ.ja y— « »» j»—I—faj 
(jjjilill (jl$j < ^aai £uaji 1 0 , • * * ? ilium .Ull <j£l Oji J |t .1 J n.t ^1 

liij • \ , 0— jji <1 (jl ^ail aj . ClLua j jftj (^jll (jjjjjJI (ja (j) m * j i a 

j -^~>| (_ )■■ « -t.I I ^jl-(Jalaj} Sj_a TV j -> *n jl 1 ,^ll (J-3.J ^jlaaa (^Lu <J*—aj 

• 5_>a 0 • • , • • • 

S^a ^V jju j^Jc <l>^. jjJj LjS^ (jli • l im a i ? i (jISLo S Doradus jjli jlj 

. 4alaLa (jiuilll ^ y i La^a IjJaLui al^i uJjau i^i^L ^..^j^ll HjLuia 
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^ <j| . Ijljilufl ^itl >! I jj^I S Doradus j m»> 

Cl 11 i jIq tiBa £AJ . J.i .1 &} ijC. o>^l OjMj I ^ 

jlj IjLa. Lcjku jLxiiVI ^.~*^~j j L'iIj ~>i i m « >ill 

. CljA 6 H ,J ~* 

,jL£ I A -y t. j «^l ^ajll (jLS I oKt i^-y ill ji^ ft jlc <_mm^II jIxLa .I»‘i *jj 

J« (jl jS»i < t-t 6 y^ JuOLi £jljll jlaJjVlj • VjJfc jLxIjVI 

• li^i ajoa-j 6jlil < J^iiu jjL Ij&Ij 1^ Laj 

S Dora- »1 >■ A Ju *\, • • ♦ »Luai lijjjjjull t jjt SjIj 

C. J it g'^Jc. . L<» AJH P 1 I Irt (J^-A 6j^ \ * ,***,***,*•• Ij^dus 

JjgjJ JVa L-&JV I jj-° Xa.ljj ijJj jtl Jjjj JLt Sj_o TV £■* ■ •■■ ■* 1 * -'■ ^uil^i 

. tu >ill I *■ ■ ■■ - .*■ 


IV 1 fej-ill ) £jLaJ 1 j^cVI j«JI J\ jVI liLJ* 

(j* 4C.JA&A £\jiajJU (jujji (jl (j] Jjb . J&lj Jj&A jJk J 

Ijlj . J*J (j-o J-a-lj f•> >a-VI 1 A * w l J)-o Ij-a. (jVjjJa ftjaall (j-o JjLa.jj jJjj 

JjLSjI I—ca £-1.1 • , Vo jJ—« OL>-% gj A 7 »-l I tjLi 'jl » ■■ "» n Cg^atill 

• tjjiu 

j» fyaoll oLc ^ a.% a ^~i aj i Ij-a. OiLull t wVl ja 

(ji £JJki dll* < . LaLaJ £jjljJI CtVLaJI j j«i V £^-rw.'i «Lujl jl 

globular clusters ^" <^£ 11 ^ oY> ^llj^ Jli^i , Liul *j ■■< 

Cilu 6JL jJ! LiVl 4jUmi j-a jlia ^1 JS a <Uj^i1I 

fjlUjlSAJ < >IVvj £ j iti*i-> a JjaV I j1c|I^aau £a tilim a l)« uitj ^yaoll j-A kiWI 

. | £ i y lal I <u^lll I*"aL‘- 

JS1 £-atj \^ ojSlj L»<> £ ( Ijji ) 1.1 Ml -t. IIlbjJ ml < (jA_>JLil 

dliJ ft A ^dCjll t y lc. , 1 I III jt&JAll Xbtt^l dllj • I^jaAja JjLu i^iA 
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4-fi^Lox. Lijjjjj i<it jji jj . S Doredus ^^xll * ii ■ A 

Ji u ^ iAJi V <ui«JI tiililj . ^Il5k J i A'V ^jkdUl 6^4 T , • * * J jLuU 

* * * 

• ^jLyuJI LlUllil Loflj J^-‘ “ 

j$ja jjLuj . ^aJI Ly£ |j ii% ^il£ ilji I 4 J L^aIj 6 j_aJLU < dllj ^oj 
AjXJ p^ ii> ( j rj_.a ^-AjII jj-i OL 4 SL 1 I ■ a IiIjul^i lli^A^A 

LljJJ ljLuiAi ^ < Uj . ^yfl Mill ^jjl. irtll 6 ^ut \ *» f *** r *** s *** 

lj|$ < I j Sjilt i A L$J <5IjaII jrjLa. t SjaJLI 4oLj ) • YY, A— ^jfLJ Jilall 
. YY, \— ^Jj ^llall j*i2il <jJ£II tuill Ji^j jii l^cjkui L 
• •**»*—» 

j& ciIja 6 ^Ij ju^j Ujkuu ^mu SIjjIU . IjjJa IwJji Lij IJi jju) 

C)\ c£*±3 • 6 ^ LuxW JIaAj . <- 0 -i ^ Lijjjj \yu» 

. Y 0 — ^Jl Jirti jlk« jj2 Ljj^-a <1j^ JULol Sjitif <1 j^ SjjljS 6 jal jjjSj 

< Jfj ^4 J 4 -> ^ i^ ll 4 ft I In 11 jldSVl uljubA dLij 

^ui^i N • • j - JjJa Jiaj jJj -5j niVia £a JaIjuj lUV 

O^dJ • < >* >» C^J-* ' - * • 4 S(ji J-^ 6 ^ ' lT 0 ^ 

. <jjlail ^ij^LaJL LhjLu ^.1 j^oj V dll < 4fllUtl jljAl 4 _» 11 


Zj hi f, Jju J* S|ja1 j| (£Jj£ ^ 1 “ ^ daAill C 1 I 1 ^1 Ijl 

ob LfK »_^ui . jUaj uj^j 

. liJjxa UU. 6 Jaj La jjSL ^<i%a ^jliiui ^LirkVI «±Ljl ^jjli 

d <iLuul ^uu^i \ ,*•*,•* • ml I »1 aj d| ^JAuAj 

JjLa fkaJ ^1 IfjC jUm S^^-A ^A L^MI Ynjij ^pLil 

<jLlai LI dti ^j3 ^Jill glj iiiVI J1 Jjjluii d&lj .<J^ (^1 Oxi 

. du^lj jjtj lja> a (jUA. ^lilVuaL J 

j| uaj « Lijijjj^uJI jju gjU t«lt ^inl j i fij j—c 6 ^ *11 Lijl Ij|) 

^ ^ I * » ■“*» jJJLaA ^ ^ <1 Ij-^lj Li AjA 4 t ini P^JUU ^1 jl l l jll ^| Ji m l 
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ja.V j-jSil ^ U i <n Jljj 'i 4i(j <4_m n>i £-iJ ji 6ji*if. Jxi 

jjbLkll j^a ^ quasars-a.'ill aL-il' 4 _»a ...~» Lai . e^oiJI dlj dllaj 
UJ^UI—util ^JojuuIjj t- jSflt Ol 4 CjlaVj 4-4—J^a ^ A 

JiL 4 ,.,-j^j Vj . ^ ^ i a. -will ^Luilj^flll OM>UI CiL-1a Jju 

6 jln fl Jjjj V ^^ a^ill 4 jjuu ^j| j£ 1 *j La jjfr , CiLil-tail 6 J A 

j * 4 jLa ^Jxuu 4-jL-A ililj ^jbJ < till J j %j j| ^ j£ 

. Hi; 


4j1 « ^jiUjuJI ^Jafl 6j^ \ \ , • * * , * ♦ « ^11^ jLa ^Lbuji »- * ■ > ** 1 ^uJbj 

N * 3_il— uu_a Lr l_t < i-« t» IjLi -jjjJj jlj-* ,>1*3 6j—o N f . * • ^ Ojjj 

<1-ui dlj .olajj T (^J-Alkll 6jiaS 4 \ a -y\ 

1 > A A La^3i ftljj Jljj V 1 t Y^.t t ^LkJ^A ilmAitJ ^jJhliall JIxa| 

JllA uij. i Uj j . JjUeif j^A Llul 


ft M l Ijl J, nil — Li "klj 

£\}jJsk}-a I ft j ft IjjJ c-jiL t i V L ^ 1^ 1 <-*—o}UI sljill ftJJh £jLi LAjI 

Sj m i f Jju ^Jc. ^i?n vj^uyXA — jjJfl Jajwjlda ji*\*i 4 . > itil iJ 

til 4 I 4M jl ^)A ^k£.^ll ^Jt pLajuJI ^UAuJI ^jL a.. . a*. A ^11^^ 4 aaju ^iJlf^fl 


* £Ja*»i (jj>J jljia L» (jiij 

j* - a it l 4- i jt l , 1 |« H CjjjS I jj-ao Jjlijl* J)4 jlxiJi jujj < \ W 0 4ju-u 

l aJl C )^YV 41an ,jJ| 4jSJ \A (_J^JbLb jJ_5j £jiu SjLc 4l| . T C YV^ 

jilij I ri jkjau 4 jjlu (J*-ilL jJk jjjtll ^jlL ^aullj 4j^*Uill LajjJI A-a] i_SjJU 

• ^ ^ LyiUa Ijji Sjja>j ajlil ■ • ■ ^I 4lli ^j*JI 
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I ^ «»Y, < il h i > |j4 N N jjj JjLu ^Luuptjj 
N •, • * * «j-**Y C YV\ ^uil Cii j'ni . Lj)il Ji*JI ^* 1 -V I '■■•- j *■»■ I -*■ 

. T\- ill ^1 jlkll tjji Jmj jjl < Ullc iju 

Jl* S^a • £ Jjji ^I uj > ^jini <jaai ^ulji 6^iic lift “ “ Y C YV^ JLaj 
^jLui 4jkiY C YV^ Jii ^ ^ i 4 jua Jaai Jjl i* i^ a 1 1 . Latl^ La^ I iihIiia i%a > j 
Ji* t^i 0 ••,•••,•• • ji “ I*.-- .t ^a !ja N«*,•••,•••, ••♦,**• * *■* 

. 1^1*4 u* <CU UjjijijMi Jm !ja Y*, • •. j| S Doradus 

. eft I ^ I^jLaa. (4i> ^1 f l*Vl jffl IMi 

Ifel^uSfl jbtfttlLIjftl oL^aaua > ^U2 llu. cmuI: , V KII ll» ^ 

1 LuuLiiil iiaill — aaiiil all (fjal jUl . liijjall ^Jftll (jUajjj 

U fjk L^a&jII jjta I |iaa 1 ^Stl jUSf() — •gH t (fjljtl gijll La^j * 

<UI -iaaj 
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IfJJjLV liij CfiLluiVI Clla.jll 6J-UU cuijJ jl • Citipjfltl jl Cil ijartll ^ytlLll I ufJL |\) 

£ UAj OjlikJ Li ^jj jl ■ ^tj ^ LuiV JI^LVl Ijl i f iilt J*^aj jLj ji 1 iukjll 

4Sli» ^ jl « <tSJI ^Jl 3*^ <iMd jl 1 <taJI l|Iu taxi ulhfM oLuma 

UAY- L^jKI — #Lj£iIf 

LImjJ \ \ l^k JiJLIJ gAj&U UjiVl J)UaJI ill jAj * ^LLm ^JLSjjJ (T) 

. Jj—* 1 1 .-.l/.l.litlj Jtill jajill . i ji Jajiij 

iaa-ui iajjj « qfJI <jSjS y i^II Liuu jji ^LLui (t) 

. iillifl jajill . 

Alpha L^jI ji iMtj .ji lilVl 4-t2Zj& >1 i iiiif) |ji(j : ? 1 •! t«JI {fj* mJI |1 j 

UAA jjLJ <f &*. j^JLl oLiLoilljdlilf . Canis Minoris 

. ^‘> Jjjjili \ • • • • l|xi jjf <>bVii jjt Sjm : - IiUmji 

. 6j&J JjL- <_>«>• li 

dUklI Ilu^II uiVi Cil *1 * J*i* • ( (C i^ mB j j’ca *■-* 

\AAA Jjlul <u^i .jj^aJLI oIjiLftillj 

. ji*»> jajili . Ijim» Ij9k cllc 4iUa ^ Ij9k aljAiJI <^ljVI <Lm (V) 

( fj li wu j Cilj Ljl m* til jkla ubl~t%l <xlc (£jll iJuIl jA : ^ytajll (A) 

. jjx-oJJ diuii <1-. mu 
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: jj h m > flfgU 


Luju ,^111 ^ i jjjj iu^o ^ < MT • jjLj (ja jjjliJI ^ <-ij «jhf alj 

*~‘j fl *■ »|j i 4 ijjj jitL \ \ ^mfl j i ii t l JIiVI (ja 4 j^uiI n i L&ll±k. 

. jxL*JI t> uil (ja jjiljii V • ^ Jjjjju <Lj< 

LfjjJ • W*** 4>±A>?- i> l - i J ‘ , . , kr jLa^aJ gjji 

J-lj « <lui Cijljj q}-& i*n-j<) iiilj <jia illjj .1-1 ,»lj 61 ioiii 

^lc Lt|lLaljl 

4jjjLaJI <luljj (Ja&l < Jj^ yu yi ^ n i iijl I 4 At la~» ijjajlif jLoul I J-l 

A * a La. \ 4juui f I i a i^ll ^4 <jxjJ ^Jc. Jfaaj < N ^VY ^Lc 

yi aljLjjSkjll <Ajj Jtj < NM \ <jjm tl ui^II ji ji'uu^lll <Ajj ^kj <I■ 
ojmj 61 i jjSjl I iajj <Lj jij i liujlj^ <iul^ (ja \ \ £ A <lui Lj jall *■ I ■ - XU 

N^£*\ — \^1Y (ja a jail I yi <_ijaJI lljij 

<ajj jijj < Y ^lc jkujj OuLa. ji <j^aaJI * I. - «OI LmjXo Ja£ 

jk Ji^aj < Y^OO jklc. JjLlu jliml CajJ ^11 ^in < \\o\ ^lc »!■■■> jilaal 

<lui J Ilia I <ajj 

iLa. jl <1| ,|ja.jj j«jj j^i jJj < OLj oljiila ill ■ ij« «U«- jk ...V 

JS jc jtJjJuuu j i m i ll (jl A l l * J jL£j < LuLuuVI A « ...lall . (jajj (jl^j . ijli 

A y j (jaj < jtjjllll Jlj-lo 4 ajha ll CiljLaaVI (jc jalj*i i«i nj < £_al-aj.l ^ J£Lall 

(jl (j ^aj <j yiaalI J^Llu j(j . 1 »»In I I iljla tjl (ja (jLulj V j-iallj jiall (jl Ijkj 

• 4juaJall Sjlall (tiill tii Jajj ,*ia J Jaj 

l^ia j£kiXt |k_jLJI Juuai uj£ ja JjJjJI . fl j n.t-r . a l^aa I ljJ l^Jij 

^fLc ula^il <-o Lai I ^ ** ■ | II Ijjiuaj 1" ji I i 4 A lUil f 1 li 1 1 J ICfl l 

(jc jXtaj < UaC J J m ja l^j ll CaajJ (^jll < 6j > ill I juj n i nl I i_ill£j < 

f lc .atSII <1 fA 

* Jiaij 4 I I ll Cejla IjiLu \ JL^il (ja (jujLauIl ^Jl L^ajlaC ^-flj 1 

• ajLj (jija tJaia. 
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; h m 


lii^f ^ it’ll ft 

<LjLulufVI c-uKllj oVjLflil oKjJi JjJtlL JaC |^iiA juJi^jQ 4c 
SjililL 4 j1|jaVI <AaUI ^ <JjJjAjII <AA.Jlll jujj 4c 


jkJall 4 1^1 4 lalatll CjVLflJLI 4c 

idLSlI (jpLSjll L^t^^lll ^y* a ujLi^ uilVl 4 ihIi lit 4c 

pLuj^II jIjjluI <<j|_uJalJ (4uJaJtif jJJI ^jI£a| cAjiaVI 

ij-iiall 4 cjauja <±ljLJu 4c 


6jjL& jjJc. J lfll Mil I fJLc 6F 1^5 :&l J "kllj ^JjJI <1 uaLuJ ^.jJ 4c 

(jLuuVI jlj-ucl CjjAjVl jljJjul < ^Ll dljLia jljJdLU AtLLuJI 

. ^JjLill jIjjuuI « ^Jlc. c 4i.tj.AJ.a oI^aIaa < jIjjluI 4 jl^JI ^Jlc. 

^ |^A£> 4^bU * P | 


Jjjxil ^ 4-ojUII oLc.1 aLJLI uj^ ‘ iiliall ^JcVl j»k nil 4c 
* (Y * *Vj J^SJI ^ 4 lwLiVI £jjVl ^c»HI : <aIajJ 1 ^JtVl (^ul^aJI ^ajj 4c 
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. pwll <111 Jjc. j«kjtl Jjc. . j 

. \*\A• SjjUJI <»bU — 

Jj-H-uj ijill L^LJI u&J ( lj </*>! "w a j Cuj^II 4. n o Ia Ja c, 

. ^_ijljil Ijll.J) 

. ^-iiJo^ll <jJ^JUyull <a£1L CjLa^LlLIj IjJiA — 

^ n f r 4 i a^LuyV I 4 -C^iuijJL I 4 n ^Jc. ^aiJ L^V I i_0 (j—titV I *ilj L-uj — 

, ujItCH <-oLsl! I 

. | / Jil&ll | djjluu |L^1A — 

. ^OLuiVI jfi Ci 1^ ^JAtU | OIVI | O^U>jll Hi.uiiil — 

• jila ^iliuM ^AfxaJI (|| — SjLoaII <LaS| <jLo&jj jkil JA — 
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jlku t JjVl 5 atjjlL Lj^Uj 4 ■ j ft VS mi n 4 a^^Ull ^ -Ajjll ^JD— 

^j^jlII |JLJIj 4~L5tm ^lll oIcj^uia t *rfl fl ■% ^jll iTiLuUjVI 

e 

: <oltllt ^jloll ljn*i>n 'J « fl ■■ I JjCj ^Jc ^Vl ^Tiib LaJ <aLlaVI ^Ajuuj 

. <jjLUJ^ftt lj <LjilajVI (joiaJII 4loiijlujjjVl ^uil ^ ^j^aJI — \ 

j 4. iiftllj 4- i ala II oVL^II 4 —jj 1 mWI (^jLxll j-u I “\ 

. 4-icIjjVI* 

• » > v/ 

4-uV. ft » 11 4_cLuujj fi*Ji *■ -1 0llI jl£ftV (Jlliiljj ujs^ijL^vi-r 

iiliuJI ui jjJLa.^11 jLLV I jjJI <_jj5| cl^ ji.a) ^1 <a£jaJLI I 4«aji —1 

£ya ujlll j^i (^jLill yjll tjj.wll Cilj-VllI L)l\ iS^l «6j utlatl 4 J*tl I..WI 

. CaJLUJI 

iJd^ 9 uj*- <j j * '" * ■^ ■ ‘i ll tj j a . -J i j jJLl £yi JLtO^ (Jj-3k jljLC.1 J« J . 1I —0 

. iiljulj ^kVl (Jiil-T>l L iujl]l <laJ JiwlilL (J^Lkll 

ol. in uij-ll £-0 Jj | ^11 Juimj Oj^jJI ■-■Ij ■ J£j ?<l « ‘ ...VI —~V 
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<a^Uu ^*aIjaI 

Ci 

uJL^b tfj*! Cut 1 ! 

tfjiiUJl JLdjyi — N^A 

iU» litLOl jjc j*»(j ^aUjII j**i JU» 

Ci 

ifjljjtf wji*j 

<JaiiII Sjtfll jijiM — NNN 

ujJ |^jai 

Ci 

4a>^ u*ji?> 

^I4jj]| — X * * 

tfjt 01 VI .u -^1 

Ci 

cruD Ifljif' 

a«...I*I 1 ^ij|| i^laJI — Y * X 

Jllj* fall Jj£ 4iU« 

Ci 

Jillj iill; 

(-a. £ujalf ufUl jSII jjjt - Y< Y 

^jl’ii^ll Jit i nil J^Ia 

Cl 

JIa Qti.irt i, iliill 

ijtUillj J.UJJI - Y.T 

^Jj|A J*£hj 

Ci 

jljlu (jtllj 

^uill j|jJI jL pjb — Y • i 

UMi * 

Ci 

— lijl IM^I^ 

CiUJIIj t^yujJlj olitiJI — Y • 0 


Ci 

tllljft JMAI» 

ljAj& Ulc ^JjNI|JI — Y. *\ 

ujitjll Jjc UeuJI jj) **«■» 

Ci 

Jjj'i 1 wbji aftj 

yijilJJ-Y.V 

^JLa 1 **«■« 

Ci 

(jUjjl ylj 

llJLiIjM^I ^jiall iuAtM — Y« A 

^LuaII kj^wi 

Ci 

!> 

^uilj JjuJI “ Y*N 

^ji ^bill Jjfi «Ju(j{i 

Ci 

(f w'yUI ^Lua 

jjUm cifjjJAi — YN • 

^i&JI Ja& (£.U&. Jjam 

Ci 

J£ j 6 k» 

(jllojA — YN N 

^fcill Jj£ uiujj 

Ci 

0 * 1 *“ u; f“j a? 

i*iby>A jmVI jwial — YN Y 

^jaaUII Jttl Jami 

Ci 

jfiMofiJ 

j J *“Jh)u k u*!*(» ii, j— - *' T 

UAjll Jaaa 

Cl 


^laaaVI fit ^ gfjji tJUa Jtlji - T\( 

iOU ^AftA 

Cl 

UHJ 

Ya Ji 4 aIj Cnliiwf — YNo 


Ci 


^A (fjil yjl^ — YN*\ 

4ajL 

c* 

Cm^aa 

jhjl Jl> jtiiak^UM “ YNV 

i A** J* r^W '■ 

Ci 

jJ^i. 

yjjlj-TNA 





tjL.Lill call. 
i -i“ji 

Oiij 

££jljj Jtfta iiull 

■luJI ^I_hJ ^aLIUI iK ^ij 

<UI J« >(iill Jjc iiull 

<111 Jan ^AliSJf Ja* JLfcxJI 

ill^J ^UmJI ilC JJJ^U ^jU 

t$>»*ll j4-*1 

Jjfi ia^l Jlta, 

uH* W 

^LiJI ,-^^JJU 

•O^c i 4-> ^ jl$i 
1*1 i.m ^*j‘- T^ 


- oLlk 

J*»l Jj* 1 * uiJ^j 


JUL>^*"1 JjK 

L* Jtju 
j"fjs** Jh 

jul^U l£jl^» 
t±j£jl« lujU JuyU 
i jiu l ij l CU)A iiiu 

tA*Af (j— 1 ^* 

ui ljj 1 "r‘*l‘^ 

jljuilji 
JIjuj ^IL ^wli 
j» j 3<«» 

ojJI Jl*?- 

i^jj Jjniu 

ijjjUfl l*j«j 


ij«A4 j>l jjc : «!i 

UL 

ijiu <111 jje. ^Luoil : 0 

Jly£ f .J 

Jjc ju^ i>^ ■ tfjnA : 0 

u»“H fUj 

C£*a»jill > : 0 

JLuuijjj 

«u^4 jijll JUa. <jjL ; 0 

Jiii^ml IjjV 

j*““* oe'i* : •=■ 

^mjl llulj^jll 

iV>“ tr 1 * 1 ff* W : 0 

£&jU LuJuyta 

tfjlijull iA*k* : Ci 

*uji*jl jlljj 

^JaJI Jifi iJUUMI Jjc : 0 

vu 

^lu Ctaij : ci 

lij^utiu ^^1jJ 

<LLA SjaL : 0 

|*{|^^ 

tfjijall iA*kA : Liljuli Ci 


ub*?^ : 0 

ulrt 

«=» 

Ujiumm .1 J 

fLI £ till jjt ft 1*1 : ci 

>JD^ UUJ 

^1*1 ^till jic : 0 

jhj* (£13*1* U&^iX) K -*±* 


fjjJI Lit- 1\\ 

^iUSojdui- YX\ 
KilS Jilji- TXX 
• > ^LJJ — YYY 
Li^luc^i jUj — VYi 
Jj^c <tl£& - YY o 
jjLa>j «LiuII j^ajI — YY*\ 
j*it £jLJI ^ - TTV 

>11 £-U»J ^icj <JUJI ^ - YYA 
JU& 9 II (Jlufl jjLi — YY^ 
^iJlj jljiilfj oLjll jc — YY« 
jjijjii - Yr^ 
oU>ll j*jU - YYY 

ytt 

> ^oL-VI - YT£ 
(/ **■" J>(jjJ ~ YY 0 
UjJI - YYA 
tfjljH >jl — yyv 
YYA 

jPlHf* ^jVi > ^1 - YY^ 

j!j*l^‘‘^‘jji rjiMjftf—VI— Y£* 
S^ljJI Y1A 

>jmJI j4 LUil 4 juu — Y t Y 
(\ ^i|4iOLu|[I luLuij^U|t — YiY 
jUill-YU 
.« 1 ji".l«. p Uuj — Y £ 0 

6jln» jAi^i “ YtA 

JA. j CliJIj a^UJI iifiifl - W V 
»lj*AaJI (jjc — Y£A 
iil — Y£A 
fi> UII ^USaJfic- Yo. 

Y ^ ^liiftiVI ^lc 4 Cjm^« — Yo \ 
^ ji a ! I <b)uJI c>LAlj - YoY 
4 jJ*UII j«Ai pj i b — YoY 
feuJill- Yoi 


4j>tiLil — Yoo 




fUl : o 

Ja%l Jjm ^yai> ft : O 

Uni SjLn : o 
jLjvljll : o 

■ U'fcj : o 

^laj ^bill Jjc ^UJ : O 

iJjjjll Jn IkiJI jii Jaau : Ci 
J* •^—je : «=* 

U*jt : o 

U*jt : o 

^mi ^utl jjft JjIc : o 
^U/ otfjM j^i ’* o 
tLl jijiajll : Ci 

iaft > ^jiui : Ci 
)j-“*- i»< : ci 

- Ci 

4Q1mi : c» 

ffi UiiJI jlk : ci 

jjji Jiiu j*L» : o 
jiluulill jjUll iift : o 
1 : Ci 

<111 Jjc iJL^ia : ci 
uiti«H CiilL : o 

ji4^| jmm ; Ci 

J)U : Ci 
JjL* lin jui* : o 
li^iA : o 

jUlf Ja%) : Ci 
Juft)l Jjc : Ci 

tf jfllfc ^> « : Ci 

Ol^lj U'M : Ci 

_>aU : ci 

11 1 J«*fc i : Cl 

L» It : ci 

^|UJt .Lie jiuJl ! Ci 

^lUJI iift juJI : o 


(fJjAj UbJ 

^bi/^fib 

jjl>* Jt*“ 

JLijU ^jja. 

U J^i 

fijji* Jjljjl 

i^/ u-b>* 
iljlj jKmJ 
jo-hi Ji Jsl* 

(jgjll Jjla« 
jabs* fib 
fib 

< j^mij?(j . if** jaUjJ 

JlPHj -o- .(J“ 

4jI . ^ ob* 

JahC. . ^JjUl 

ufjib* ^b* 

Jjji ubji 
3^u*J 

jjjijM jk 

Cxsj^Ki fij* 

^klnll ijC IjVja 

^jefbu^u 1 
j»U> ub^ 

t^Ltj (>“»■ 

ijeJjU 1 (Jii 

gJjl Juiu 

U~jJ jjj Jttl jjI 

/ml < . ili .jS mt il i» 
/ml 1 . —i i Miti ljl 


oj&u- To^X 
Uu»ll ^*‘-1*11 pi j b — X oV 
jaJjl-XcA 
jlbill Clb tV* a “ Xo^ 

x^ ^jl — n* 

CiIjmII Uiia — YXX 
>^11 <*U . »A*H - XAT 

ittjM Ujfcii oUljij - r\i 

ci1j Iij» — x*\o 

<^jjii _ m 

X^ J »aA (j jjoj — X*\A 

lii>AiV^lliii‘nJI 1 i m m ~ Xl^ 
X^ XV. 

tui*ll ijLkll — XV\ 
jma ijh <±J& I Sj^uVl “ XVX 
JmijVi j^mIi 5i>aij j i ia 'i .ji — XVX 
Ijliji SjuJI " XVt 

Ukjtu Ut^) lj ll\j IjaLm <^Jj .ji ,«a — TV* 

LiuJI i ii il — XY*l 
SUJI JJ > : CibatJI - XW 

oUljJI - XVA 
Uttll *J>LII w>JI - TV < 1 
ifjjfl uJifl ja — XA* 
jtVi^^n-xAX 
oauLII jjCi ^JaJI — XAX 
Jj«u JfuJI — XAT 

lijj&A Jlji — XAt 

^illai j-->- 4^l^nlf iUj — XAo 
Tj£ (ila ^il 4 aL — XA*\ 

^iuii - xav 

^IjJI &i- XAA 

IjiUalJI tfjijnw jljfJ — XA^ 

Ufil fJL — X^ • 




liati 1 Ct 

<i*i >m> 

uJJ *ii v An*a.-Tvr 

glli^ ! Cl 

j>U 

j&Allol- YU 

uM.JI 4ltl wA (jtjll j-b : A 

Ji*K Jjjjk 

ijjlunVl ijlialm ”* t^O 

if pi* ( yULiA« jrt ■: Ci 


c*&-- m 

jjd .u> ■ Sj»U : Ci 

uilySlI kjau; - J'SIjS cWUW.'a. 11 

^uLlnJliUi«ili>Ukill|^- W 

jUmJI : ci 

tjjJjU; jjI 

iuall iLJ m - t^A 

jlji Jttl ^«U : c» 

• J £e?- 

likjljl£i)l SjJJ - 

CgJkU> il|ij : o 


'e*cr<*£*Ji* ijtf 1 *"' - T * • 

^J4»)l iU^hj Jl*k : o 


Y^« 1 wnM*m SjjUuI — Y. \ 

^till jit ^U| : ci 

tf-OW u»b* <!!¥■ 

[f* *■* — Y* Y 

^lal £&ifl Jj£ ^U| : Ci 

Ol* C^OUil <;«*£«■ 

l^-Y.Y 

^Ul ^(jill Jj& ^Uj : Ci 


a^jU-T.i 

jjii^ll JkJC • Ci 

iLVU w‘n^ 

jUJi-r.o 

jif JUi: o 

lj—llji - u*=f 

eybijuiai jsai - u-ji - y. l 

i*»i J«*fc i • : Ci 

j^iiL jjiij 

jjtAII-Y.V 

^jull jifi ^pM : o 

ijjllB 

Cljjll^ic.- Y.A 

(jjgjaJI JLa : Ci 



ju» 1mm m ^1 ^ : Ci 

•***„**' 

eU*- n - 

JaIamiI : Ci 


>J*ll e ^ll^JU.-Y\\ 

jftMil: o 

JiH IS- 1 f^J 

4yJil V ^MI CJU -Y\Y 

jiitoll 4itl jifi : o 

ofsj 

^ i l*L-UJ£.l-Y\Y 

^felhJI lijpl: Ci 

dui* 

piylll-YU 

UuK: Ci 

jljiijjj Jjitu 

l/i> Jl f IWI^ u ^l J -.-Y\o 

: * 

jpM .ui •! 

J.I jiu. Ulu - YM 

wAjJal : Ci 

£g&Uj " JAM 

jeSL-YW 

^LuJI wIjmI : Ci 


tjiJti- Y\A 

Jjfc : G» 

Jklj^i j^LmjSj Jlijlnij juU 

Ijtjj — Y\ Y 

jji*‘i* ^Jl #)U .to** : ci 

JuS-'-itt* 

^tll gljuJI U — YY• 

^AAglStl tiki : CI 


(^C UuJ^jt; — YY\ 

^U» JU : o 

■jjb* 


jImLi ^iU : c» 

fs“u jl «! *!i* 

Ijy:LJl oi - yyy 

tfj&U liflLi ^km : ci 

ff I«n1 iJjmI 

jUIL^lBI - YYt 

i ^lwj$ : o 


jCTIjJU- YYo 

>- 0 —■ = * 

(J-UjjU Cff-jj?- 

io-ji,Uj«ii- yyy 

ar^tA JeV :c * 


Uftju L -*-— Ciljtju — YYV 

tAAosj^ 1 ■**- : ° 

- l »“' in J|1 

4mIjj y — YYA 

Jkjft Jm » : O 

JJB* ^ 

jSUI Jjc JU~.j - rxY 




: o 

jijL 

.-.J.^ll JuJI ^jc Pjjl J£ — TT . 

ultJ : Ci 

cf 

j^jjji mI 1 fUi Ijjjc — TTA 

^ ■ >=■ 

<*ki 

(!>>*• “ TTT 

ijuLc jSj : o 


Liikjj; f^uvi - rrr 

'• •=* 

Ju< 

J .r.^.11 <> oUOl - TT£ 

: ci 

Cijl>L»ji ^lali 

a*iii - rto 

jiLa (juA : cj 

<rtj li 

^Vi^-m 

^jIi/iiVI i«»l : o 


,yjiiu*-i«-rrv 

^jliiaJI ii&uJI JiU. : ci 


Jail- TVA 

jjiniA ^j-iull J^^.a I Ci 

C**^ j« irftl jJt 

x^. Ji_yj ^ ^jVi cjjL: - m 

uuj! : Ci 

jhiX&J*} tAj*f 

i^yVI j^ill ^ v l>*il -XI. 

0^“^ : ° 

<SJj LjLa jiilj 

<sij ,> jiL-»i - rn 

1A9S* ^ : 0 

Oaa .1 Jjc. Jji 

JLuujj jUiLn. — TIT 

iij Jj£ ^um : 0 

jjfjU 

Jil^ll (fjlji.jJI ,JUI - XIX 

iij Jj£ jjiaw : Ci 

6j^L jlil 

ill c^ii - m 

Ijc i. i 1 mjj : ci 


(j*jil > il-n — T £ 0 

JU» : 0 

^Jmj jLuwj 

jiAa j'fcm — Til 

jlall jSj : Ci 


^.v.ilii J...-II- r»v 

^liljij la»i 1 <111 Jj£ : Cl 

JajjjS j(*i JaM 

\^ 1 £jai >: J#i u i ( j u yflO > -=ri - rtA 

IjUlLkM ^j£ J*%l I Ci 

Odj^ij ud^Hj jW 

ijUJI iiffill Jl (jjlill JjJj -Xl\ 

^■1- •" <iia£ : 0 

• ^ 3 lil 

d I .. ..II £|^]l UljjiLi — Xo . 

^jLiuVl la^l • Cl 

U“iU W 1 ^ 

l 5kUI- tf jL--ro\ 

» ; £) 

jurtU^ Ib*iLh 

ij- jj '■! ■ ** “ To X 

uAP* (“* W t»k : * 

jlljjjlll i‘inL jjljmil 

|<w■ti>J ^Jjli yi u jlmVi ijW “ T0 V 

uAP* tA- fi***! '■ 0 

jlLjJLt ^i jilj jjIjimL 

(WU) u Jji\ Jt l ^L-VIoai - To i 

<a 3 im Jj*a>« • Ci 

Oy* 

1 yjl ^jt iiuLuJ 1 oljUI 1 — Too 

^tUJI jJj : Ci 

^iLu J^i 

jll iljJI - To"\ 

^ : ci 

iujl jagiA* 

u'tf'JtJ* up* — 

JliJI tfjlaA ^itiAi : Cl 

<aau 

4 u(ftJI Ly|JI JImI — T OA 

ijtJI uJJ*' ! O 


jaOlUjIj oIjjIm — Xa\ 

^mjjmII JJ : Cl 

jli ^Jjjj c^U Oyii 

4*111 — n - 

jjL« Jl»() J«‘n 1 uiUf : Ci 

jajjj* jVi 

.!». 1 |j it l|~il| ; j'* ■ -^11 — T*\\ 

<11 gj| lOi] ifaa : Ci 

Jljjwi J»J«U 

iut — t\X 

jwrt 4«M jin* : Ci 

^uiann Jjlaaiiij 

uijyiin j^i oK^ - nr 

OL^j : 0 

Ijajll Jjflaiwj 

j; .-<-‘. Clj^ - V \1 

f — J«>l Jana : Ci 

JgMj? JW“ 

jaijLi yin — Vto 

iaa.i 4jana jtLi^a : Ci 

Vy^li LmijDI^ 

uiijii i‘i«o^ ti pt^iaj — rn 




Lij : ^ 


.(jyaJI (Jill - nv 

jliijfti jj(a : o 

tJ^Ji JU?? 

a jj*ji (JlLii - ru 

^jLAJl * ci 

jjUAjJI <jjji 

^jlau ujci yjl *1jU — T*\< 

J£*WB <111 Jic <aLU : Cl 

Cjjjl V j*& 

^ iiLpJjjj^iJI — TV* 

ini <111 Ji£ : Ci 

tJlJJJ* jtji la. 

- tv\ 

iittll JjC ilftyJI Jl>j : Ci 

c*f* c^'j 

v Uii1 Ji U - TVT 

J* ^ : «=> 


4 IjtpSj <lL«j jaj ■ — TVT 

£±a\J i\ tiila^ : Cl 

jjjji 

i^LJI — TVl 

Jjjj 1 jjI jfL^ : Ci 


JjlaJI — TVo 

JaljaJI jljjl : o 

ioj 

I^UuJI . ■■gill — TV*V 

jji hi* j*c.« : Ci 

o^*>- i Jc 

^uWuriv^l^-TW 

^ji Jjc « *--j‘ : Ci 

JLi3] Jja>i 

JLA\ - TVA 

ja&}1I Jjc JLa^ : ci 

t±»L J‘**“ 

ttijaJI JL. - TV^ 

^LJI jjc jjjjiA : o 

cr'j*-.«»?■ 

ijLoll jc — TA* 

uiuijj IjjJ Lilj i Ci 

lilulJJ .J .J 

<iHI oLjj.Lj.1 - TA\ 

^jL j»4 it&l : ci 

jLjiLj. 1 i - > -* <jjjll i!|j 

^h.-j.L ^jjlj — TAT 

^iiljjj JJ^aJI Jjc. ju«a : Ci 

JLil jja>« 

jUaII <jja — TAT 

JU^ Jjjljjl : o 


JlikVl 1| ^1 jAidfll - TAi 

^ji ^Liil Jjc tjfcijj : ci 

^ - L “~' 

^JiiJI ^ji«4* “ TAo 

ffAljfJ ift*" 1 * fWdJ : 0 

4jj .-■‘‘l^ 

IcUa— TA*\ 

^iUi f^j : ci 

u^asf 

ciIjLju^ oLifii — TAV 

i«i !»• jjjll m l C* 

JUjJ 1 ^JIlM 

^jl iii.UI ^Jtm IbcIjj — TAA 

^ja!jj| luall Jjc j^um '. Ci 


j^LL\ <_JVl ,> - TAn 

jLuc (5 A1 ma« ^Lmc : ci 

<iii 

(jjAII J)jt(j oUiAjVl “ T^ • 

ltUL^I tr“ : *> 

^ iVi» JjU 

<£LM 3liUI-YA\ 

^l]^| jc 1 JjC I Cl 

(fj JJiljji 

<JUjJjli JjLyajJ Cllalil — T^T 

■_■ ■■*) ; ci 

i/yl AJji 


Jt-b* Jcfkl ^i*li : Ci 

J* 

“ rn£ 

yiJta : Cl 

^.Urtl JcUmiJ 

jmjLm — t<o 

<OLa Ci 

jlj yyloJ uS 

dliLJI - W 

f UI Jjc fhLtj: Ci 


TW 

^L| ^bill Jjc ^Ll: Ci 

uuLi 

jjjL-. - ^A 

f L»j ^blll Jjc r L|: Ci 

ji&iijjjj juLj 

„-K-W 

: O 

tjij JuLJu 

W" 

^ill jjc : ci 

u>jlii 

oV—*•' 

^jull Jjc ; Ci 

.ill* . . £ 

E^>a- 1-T 

j£j jia^ jLfi : Ci 

fjj*** JlMp 

jJJI^^^fa^llljjUl^- l*T 

jmi>% <iib : ci 

f fjjj JUijJ 

^udl — £ • 1 

l> jljjj SjU^ : c» 

Jja> <Jp1 

Jjjl^jj ”1*0 

Jjc Ift-fcl JLa^ : Ci 

jiujljIjiL 


^llij CijIU d 

- ^LSl 

<J£fflGL juUijL*# *JH- £*V 

i«ll jlc : ci 

<iW 

£ * A 




Ijl^t : o 

JmIj Jiljjjj 

SjUmJI jl ^“‘‘l — 1« a 

»_U»? iSllijN : ° 

JiM Jj K 

^juaII ^ ^^ — £ N • 

* Cl 

jUjSi jii» 

j'fA^LL) j«*i — £ N \ 

<i^j : o 

JUujlJ^J (jXJ 

JV£ A gr|j <I^UVI l“l*■ -l QJ^ti £ \ X 

ill i*ti> : ci 

■•■X.y jkJaU 

^iUioUil- nr 

jlurttl JaI : Ci 

LijiljlSJIl«L 

^jIj5U <a1La 1I <jj^xaJI — £ \ £ 

Jj& JaS JaaI : o 

oUu iQ JAJjjLIji 

— n o 

tfjii : Cj 

jjjluu^ .1.1 

^u^iij^jaiij^jjjVi jjiii^jiiA— n*\ 

JAIaa »*‘l 1 .Ufi : Ci 

liliLj <uj_j 

0£ £*uaJI yjjVl j£l! — £ \ V 

£±a£JI jjjiakjll jj£ : ci 

(£)pU {jU*. 

AjILmaD j^iji^iflalljtjloliXM ~ IN A 

»u*> : Ci 

Ji>L. ay?- 

<j ij-■ i *^-j^l ^iAjII — 1 \ X 

U^j ji filial 1 ' Cl 

Jell* 

jaUmj^a - £X. 

dft^A iJ^ll : Ci 

ftJaJi* (5Jj 

^-oL-Vif^ll^yijUlij^Vjll - £X\ 

iljij Jjljll iA <111 ii& : ci 

<iAj 

Va Lijjil. «I.^C*..W <U,j — £ X X 

J£.Ua 1I it^j ■ Ci 

4*^ 

ui*UI J^jlIciU^il- £XT 

jtiAiiA jjAdll i)U Jai m : Cl 

^Lull OAft U*JI jjj 

Ja^aII ^JjljJaJI guljl - £X£ 

<oLa > : ci 

^tjU. 4yu~* 

o 1 J*=* ltojU* 4> ~~ no 

II jXAM (jull ijll Am ‘ Cl 

<Aj 

,‘|ti^lUI £X*\ 


LjS 

fUl jit 

^U ^tull JuC ^1*1 
^Ll ^Uill jj& ^U| 
^Ul ^laill Jjc 

obAj 

^Ul ^till jL»t ^ LJ 
^jliiAll _*»*..-I I 

<lyjJI • **-" Sjllfi 

bjiaII >btj J)KI>^Ijtl »)U I rt « 

|_mJ 

jjL?ir?- _>*L. 

J i lijll lilM 

^Uk ^ILa 


6^1 ak 

oilUl a-ljUlL - tXV 

Jiji Ji^» 

4?UJI tl>SJI - iYA 

*il^ jMUm JjjJ 


**£*-*>“£ «=“b jky+»£ 

liK- IT. 

ijj~ii^ jjljjjj 

jSy- 1T\ 

cujlj tfjfS 

jslsl - trx 

Ci’iU Jjlij (juMjjl JUJlaJ 

a^-tTT 

f u-O^j *** o^j- 1 
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